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Abstract. Since the beginning of the release of open data by many countries, different methodologies for publishing linked data
have been proposed. However, they seem to not be adopted by early studies exploring linked data, for different reasons. In this
work, we conducted a systematic mapping in the literature with the aim of synthesizing the different approaches around the
following topics: common steps, associated tools and practices, quality assessment validations and evaluation of the methodology.
The findings show a core set of activities, based on the linked data principles, but with very important additional steps for practical
use in scale. Although a fair amount of quality issues are reported in the literature, very few of these methodologies embed
validation steps in their process. We describe an integrated overview of the different activities and how they can be executed with
appropriate tools. We also present research challenges that need to be addressed in future works in this area.
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1. Introduction

As OGD information have proliferated in this last
decade, linking and combining datasets have become
one of the major topics for the data consumers. The
pioneering initiatives in the U.S. and U.K. to produce
linked government data have shown that creating high
quality linked data from raw data files requires consid-
erable investment into reverse-engineering, document-
ing data elements, data clean-up, schema mapping, and
instance matching [ 1, 2]. A bulk of data files were con-
verted using simple algorithms, but without much cu-
ration efforts, limiting the practical value of the result-
ing RDF. Alternatively, datasets which are curated and
of high quality are limited to restricted subjects, due
to the needed effort to create these datasets. The very
few public data initiatives that do follow the Linked
Data (W3C on Linked Data 2016) paradigm mostly fo-
cus only on the metadata for the discovery layer of the
datasets, therefore leaving the significant value of ana-

lyzing and linking the actual information contained in
the data itself by large unexploited, lacking practical
approaches for publishing high quality linked govern-
ment data [, 3]. According to a report from the World
Wide Web Foundation [4], only 7% of the data is fully
open, only half of the datasets are machine-readable
and only one fourth has an open license. This same re-
ports argues that OGD data needs sustained political
will both from a management perspective (process, re-
sponsibilities, timelines, etc.) and from data manage-
ment perspective (guidelines for metadata and publica-
tion frequency, documentation, quality assurance pro-
cesses, user feedback, among other points).

The production of linked data has been increasing
since its conception, as can be seen from the LOD
Cloud [5], and compiled in Figure 1. Government data
has many important applications [0] and it is one of
the most popular domain categories of the LOD cloud,
published in Datahub!, with almost 200 linked datasets
to date.

*Corresponding author. E-mail: brunopenteado @usp.br.
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Fig. 1. Number of datasets in the LOD cloud, since 2007 (numbers
taken from http://lod-cloud.net.)

Even though Semantic Web technologies based on
this idea have flourished, until recently only a small
portion of the information on the World Wide Web is
presented in a machine-comprehensible way. Partic-
ularly, in open government data, this number is still
very low in comparison to other levels of open data
(CSV, XLS and XML files, in most cases). In [7],
the authors elicited open datasets from federal, state
and municipality-level in Brazil, and encountered no
files with linked data and just one case in which RDF
datasets were found. A similar picture in Colombia [8],
ITtaly [9] and in Greece [10], with 5%, 5% and 2% of
the datasets in the 4th or 5th level, respectively. A look
into the data.gov portal (from the US, with different
national levels), shows that there is around 2.5% of
datasets in RDF format 2, not explicit if they are in the
4th or 5th level. This may be due to the fact that gov-
ernment initiatives are evaluated according to whether
they comply or not with the law, and not based on the
usefulness of the information provided [11].

As will be outlined in the next section, some
methodologies for publication of linked open govern-
ment data were proposed, but the adopters claim that
they are too generic for their purpose, without guide-
lines for software tools, templates, techniques or other
artifacts that could help in the adoption of this tech-
nology [9, 12, 13]. As an effect, although there ex-
ist many guidelines for publishing linked data on the
Web, many producers do not have sufficient knowl-
edge of these practices, having few studies detailing
the whole process, leaving out the methods, tools, and
procedures used [14], and proposing ad-hoc methods

to produce linked open data, usually based only on the
4 principles with different interpretations on how to
implement them. In [15] it is indicated, based on inter-
action with practitioners, that literature on publishing
LOGD has dealt with less complex, non-operational
datasets and needs an engineering point of view, the
identification of practical challenges and consider the
organizational limitations. In [9] the authors also argue
on similar issues, such as linking quality to external
datasets, the lack of domain-specific ontologies and
their proper alignment when they exist and the exper-
tise in SPARQL queries when consuming linked data.

In addition, several problems have been occurring
regarding the quality of the linked data published on
the Web. For instance, [ 16] identified 3 recurrent prob-
lems by surveying LOD papers from the Semantic Web
Journal: the existence of inadequate links in the pub-
lished dataset, compromised quality of the dataset and
global impact of the LOD dataset in terms of replica-
bility of the overall process.

In this work, we aim to make a systematic mapping
of the literature regarding the processes and method-
ologies developed to publish linked open government
data on the Web and discuss what key challenges re-
main to be explored.

2. Background
2.1. Open government

Since the late 2000’s governments around the world
started to move towards publishing increasing volumes
of government data on the web, perhaps most no-
tably after the launch of national data portals in the
United States (www.data.gov) and the United King-
dom (www.data.gov.uk). This opening has been hap-
pening according to the Open Data philosophy?, mak-
ing government data freely available to everyone with-
out any restriction. Since then, many countries and
cities started to publish their information on the web.
The main motivations for such movement was the
expected impact in society: increasing transparency
and democratic accountability, supporting economic
growth by stimulating new data-based products and
services, and improving how public services are deliv-
ered [1, 17]. As a result, citizens that search open data

2 Although RDF is not the only serialization format towards linked
data, it is acknowledged that it is the most popular format and can
be used here as a proxy for the use of linked open government data.

30pen data refers to data that “can be freely used, reused
and redistributed by anyone”. Definition available at: http://
opendatahandbook.org/guide/en/what-is-open-data/
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government (OGD) on the Web are involved in a time-
consuming process, which includes: (a) identification
of relevant sources, (b) consistency checking of infor-
mation (c) aggregation of information.

OGD provision presents some limitations that ham-
per data reuse. The organizational limitations originate
mainly from the fact that in public administration each
agency manages data according to its mandate, since
there is no central entity assigned with this role. In
addition, public agencies formulate hierarchical struc-
tures that contain a number of administrative levels.
This organizational structure of the public sector sug-
gests that in certain cases public agencies in differ-
ent administration levels and different functional ar-
eas produce, maintain and possibly disseminate simi-
lar data, i.e. data about the same real-world object (e.g.
a specific school) or the same real-world class (e.g.
schools) [18].

Many studies [ 19-21] illustrate that the use of OGD
is often hampered by the multitude of different data
formats and the lack of machine-readable data, im-
posing restrictions on their consumption by end-users,
in terms of discoverability, usability, understandabil-
ity, access, and quality, among other aspects. Although
publishing government information as open data is a
necessary step to realize the mentioned benefits, it is
not sufficient. In practice, gaining access to raw data,
placing it into a meaningful context, and extracting
valuable information is extremely difficult [22]. A pos-
sibility of reusing open government data is by linking
them to other data, so that relationships with other data
can be explored [23].

2.2. Linked data principles

In summary, Linked Data is about using the Web to
create typed links between data from different sources
- with diverse combinations of organizations, data for-
mats and exchange standards [24]. It refers to data pub-
lished on the Web in such a way that it is machine-
readable, its meaning is explicitly defined, it is linked
from/to other external data sets. Berners-Lee [23] out-
lined a set of design principles for publishing and con-
necting data on the Web, to become part of a single
global data space, establishing the principles for linked
data:

1. Use URIs as names for things

2. Use HTTP URISs so that people can look up those
names

3. When someone looks up a URI, provide useful
information, using the standards (RDF, SPARQL)

4. Include links to other URISs, so that they can dis-
cover more things.

These were the initial principles to publish linked data
on the Web. Berners-Lee [23] extends these principles
to include the concept of open, by defining the 5-star
scheme for linked open data, interested particularly in
government data, but arguing that it could be also used
for other types of sources:

* Available on the web (whatever format) but with an
open license, to be Open Data

* * Available as machine-readable structured data
(e.g. excel instead of image scan of a table)

* % * as (2) plus non-proprietary format (e.g. CSV
instead of excel)

* % % % All the above plus, use open standards from
W3C (RDF and SPARQL) to identify things, so that
people can point at your stuff

* % x % % All the above, plus: link your data to other
people’s data to provide context

Linked data extends the concept of open data. Open
data is data that is publicly accessible via the Internet,
without any physical or virtual barriers to accessing
them. Linked Data, in turn, is data that allows relation-
ships to be expressed among these data, enriching the
datasets with complementary information from else-
where [25]. This extension carries complex issues such
as different granularities, data alignment, transforma-
tion, and storage but also brings important benefits:
contextualization of data and background information,
by using additional information from other sources;
automatic reasoning by software agents, among others.
The emergence of the Linked Data principles has intro-
duced new ways to integrate and consolidate data from
various and distributed sources [24, 26]. This “Web of
data’ aims at replacing isolated data ‘silos’ with a giant
distributed dataset built on top of the Web architecture,
usable both by software agents and humans [27, 28].

3. Related works

The production and publication of linked data are in-
tensive engineering processes that demand high efforts
to achieve high quality and existing general guidelines
may not be sufficient to make the processes repeatable
[29]. Since the conception of linked data, some prin-
ciples and processes were proposed, with varying de-
grees of sophistication, practices, and tools.
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The following studies presented some form of syn-
thesis from previous methodologies. In [13] linked
data publishing methodologies are elicited, mostly
from the government domain, in particular, three stud-
ies which were adopted by the W3C Government
Linked Data Working Group to create guidelines for
accessing open government data using the Linked Data
principles [30]. In their conclusion, the authors argue
that these methodologies, although valuable as guide-
lines, either do not consider important steps of the
linked data production lifecycle or are described too
generically so that publishers have to figure out the
tools needed to accomplish properly the publishing
process as a whole. In [1 1] the authors also presented a
systematic review of OGD initiatives (not linked data)
and presented a lifecycle deduced from the related pa-
pers, along with related challenges in different levels
(organizational, economic and financial, policy, legal
and cultural). In [31] the authors compiled the steps
from 8 different linked open data methodologies but
did not specify what were the criteria to select the
primary studies. However, the proposed framework is
also in a high level of abstraction. The LOD2 Project
[32] also developed a lifecycle for linked data and pro-
vided software tools for the steps, although leaving out
important steps - such as data modeling, alignment and
the publication of the data on the Web.

This study complements other systematic mappings
or reviews, such as those of [6], which surveyed the
adoption of best practices for publishing linked data,
discussing which of the W3C best practices [30] are
explicitly more present in the literature; and the sys-
tematic review on the use of software tools for linked
data publishing, conducted by [33], which points out
that most of the current state-of-the-art tools are con-
centrated in only a few of the steps of the publishing
process, leaving important steps out. These systematic
mappings did not provide information on the tasks in-
volved during the process of linked data production.
In addition, in [14] the authors performed a system-
atic mapping of publishing and consuming data on the
web; thus a more generic approach than in the present
study. One of their findings was that most of the pa-
pers surveyed did not mention publishing methodolo-
gies (28 out from 46) and most of the ones which did
(12 from the remaining 18) just used the basic linked
data principles as a guideline for the process. Other
systematic mappings/reviews were carried out in dif-
ferent domains, such as enterprise linked data [34] and
education [35, 36], and applications such as linked data

mashups [37], recommender systems [38], quality as-
sessment [39].

To the best of our knowledge, there is no system-
atic mapping of linked open government data method-
ologies in the literature. Thus, in this work, we sought
to make a systematic mapping of methodologies pro-
posed in the literature, in order to provide a synthetic
comparison of the steps, tools, and validations pro-
posed by these methodologies and how they were eval-
uated, so to map how such methodologies can be ex-
tended for further reuse.

4. Methodology

In this paper, we use the systematic mapping method
[40], aimed to identify research related to a spe-
cific topic to answer a broad question, essentially ex-
ploratory (e.g. What is known about X?), preserving
the reproducibility of the study - since the objective
of this paper is to present an overview of the litera-
ture to investigate the development of methodologies
for publishing linked open government data. This is a
complementary perspective with the systematic review
[41] in which the effectiveness of treatments are aggre-
gated and compared. The systematic mapping consists
of 5 steps: definition of the research questions, search
for primary studies, screening of papers for inclusion
and exclusion, keywording of abstracts and data ex-
traction and mapping of studies. The complete results
are available online: https://bit.ly/319BGAH.

4.1. Research questions

The research questions defined in this work aim to
gather information about how to effectively publish
linked open data in government settings, both for the
steps involved and for the tools developed to accom-
plish it. We argue that this is an important contribution
to the scientific community and practitioners alike, to
describe what has been done and the gaps that should
be addressed to a better outcome of LOGD policies. To
that end, we defined the following research questions:

— RQI. What are the common steps among the dif-
ferent methodologies proposed?

— RQ?2. How were the methodologies evaluated em-
pirically?
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— RQ3. What tools and vocabularies were used or
recommended to support the steps?

— RQA4. What kinds of validations were employed to
assure better data quality practices?

The answers to these questions provide a big picture
of the relevant literature, with important steps to sug-
gest a clear methodological framework for the publi-
cation of LOGD.

4.2. Search strategy

The following datasets were used for this system-
atic mapping, since they are the most significant repos-
itories in subjects that involve Computer Science:
ACM Digital Library, IEEE Explore, Science Direct,
Springer Link, IST Web of Knowledge and Scopus.

The identified keywords are methodology, publish-
ing and linked open government data, which were
grouped these terms and their synonyms were consid-
ered to elaborate on the search string (Table 1).

Table 1
Terms used for the search.

( methodology OR process OR pipeline OR guideline OR "best
practices" OR framework )

( publishing OR publication OR production OR opening )

( "linked government data" OR "linked open government data"
OR "government linked data" OR "government open linked
data" OR ( "open government" AND ( "linked data" OR

"linked open data" ) ) )

4.3. Study selection

The selection of the studies should reflect the pri-
mary works with the purpose of identifying different
types of methods used to publish linked open govern-
ment data. To that end, we elaborated the following
criteria:

— Inclusion criteria

* The study provides a process for publishing
linked data in government settings as the main
contribution;

* The study is from a peer-reviewed vehicle;

+ The language of the study is English;

* The text of the study is available;

— Exclusion criteria

* The study does not present a process for pub-
lishing LOGD;

* The study is a previous version from another in
the list;

* The study focus on the application of LD in a
specific domain;

* The study only investigates one step of the pro-
cess;

* The study does not investigate linked data, but
open data more generally.

The procedure for selecting the primary studies for
this mapping was carried out in late April/early May
2019. In cases where multiple papers from the same
authors referred to the same topic, but in different
stages of maturity, we chose the most recent one - ob-
viously, if related to the topic under study. As shown
in Figure 2, we applied the concrete string, adapted ac-
cording to each database, separately. Subsequently, the
duplicated versions were removed. Next, we applied
the inclusion and exclusion criteria to every study, con-
sidering the title, abstract and, when in doubt, the full-
text. Finally, we had the final set which we could ex-
tract the data to answer the research questions.

Search string

ACM Digital Library

IEEE Explore

Science Direct 469 18
=22 (LN

411

SpringerLink

Primary papers

ISI Web of Knowledge 19

Removal of duplicates
Application of criteria

39

Scopus

Fig. 2. Procedure to select the final studies.

4.4. Threats to validity

Systematic mappings may present multiple threats
to validity [42]. We composed the search string into
three aspects: process, publishing and linked open gov-
ernment data. The use of synonyms was based on tex-
tual analysis. These terms, particularly for linked open
government data, were difficult to specify, because
they had different ordering of words and sometimes
not used together. In order to control the quality of
the results, we used the studies described in the W3C
Linked Data Best Practices [30] as a control to tune the
query string. We also restricted ourselves to the exe-
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cution of the query in the data repositories, not apply-
ing manual searches in other platforms. Some papers
were not available, and for those, we searched on the
web for a copy and contacted the first author to try to
obtain a copy of the work, but sometimes that was not
possible.

5. Results

The final selection resulted in 18 primary papers,
with dates ranging from 2011 to 2019, which were
used to extract information regarding the research
questions. Table 2 presents the selected papers.

Table 2

Final set of primary papers selected.

ID Reference Publication | Year
W1 Laessig et al. (2019) [12] Chapter 2019
W2 Martins et al. (2018) [43] Conference 2018
W3 Fleiner (2018) [44] Conference 2018

W4 Krataithong et al. (2018) [45] Conference 2018

W5 Elmekki et al. (2018) [46] Conference 2018

W6 Buranarach et al. (2017) [47] Conference 2017

W7 Klein et al. (2016) [48] Conference 2016

W8 Ngomo et al. (2014) [49] Chapter 2014

W9 Sorrentino et al. (2013) [50] Chapter 2013

W10 Kaschesky & Selmi (2013) Conference 2013

(511

W11 Al-Khalifa (2013) [52] Conference 2013
W12 Janev et al. (2012) [53] Conference 2012
W13 Maali et al. (2012) [2] Conference 2012

W14 Hyland & Hyland-Wood
(2011) [54]

Chapter 2011

W15 Villazén-Terrazas et al.
(2011) [55]

Chapter 2011

W16 Cifuentes-Silva et al. (2011) Conference | 2011

[56]

w17 Salas et al. (2011) [57] Chapter 2011

W18 Lebo et al. (2011) [58] Journal 2011

RQI. What are the common steps among the differ-
ent methodologies proposed?

This research question aimed to map what are the
commonalities and differences among the different
methodologies that have been proposed for publishing
linked open government data. One first challenge was
to find the correct granularity for this. Most of the stud-
ies divided the tasks of publishing into phases and, in
turn, in more atomic steps with clearer outputs. To an-
alyze these data, we mapped out all the activities that

were explicitly described as an important step in the
papers, creating a matrix of steps x studies, as in Figure
3.

Figure 3 lists all the explicit tasks identified and
close to their ordering, as described in the papers. The
first step, sometimes implicit, concerns the selection
of datasets to be linked and consider to leverage exist-
ing open datasets or to expose new ones, the identifi-
cation of their structure, and so on. Next, some stud-
ies consider cleaning up the data, to remove inconsis-
tencies, typos, or problems with the structure of the
data. As one of the pillars of linked data is dereferen-
ciability using HTTP URISs, the careful design of URIs
were also considered. Another step is the definition of
vocabularies*, again analyzing when to reuse existing
ones or to build new ones, depending on the context of
the data. The specification of metadata - both for the
dataset and the data content - is also considered as a
step to describe what is being published to the poten-
tial consumers. Next, the careful mapping of the vo-
cabularies to data is performed. In addition, there must
be indicated the external sources with which one wants
to link the data, such as Dbpedia or GeoNames, and
the step of creating these links must be carried out.
Some studies use this linking to perform the enrich-
ment of the dataset, importing data from the external
sources. With all this material, the step of transform-
ing ‘raw’ data into RDF is executed. The conversion of
formats depends on manual mapping or inferred struc-
tures from data and may need some cleanup tasks too.
Since datasets and their distributions change over time,
a mechanism for keeping track of versions are also
needed. With these data linked, one needs to publish
them online, to be reused in data portals or SPARQL
endpoints. That step can be leveraged by publicizing
it in different open data indexes and facilitating for
search engines or engaging with the community of
users and consumers. Some studies point to the impor-
tance of creating applications with the data, to help the
community raise its awareness of it. With all set, it is
important to have a plan to keep all this working over
time. To that end, the studies specify tasks to maintain
the data portal and to define non-functional require-
ments (performance levels on serving data, uptime, se-
curity profiles to access the data, and so on) and main-
tenance tasks (e.g. checks of data availability).

“4In most of the studies the following terms are used interchange-
ably: vocabularies, taxonomies and ontologies. In this work we use
the same approach.
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Step [fArticle] W1 W2 W3 |W4|W5|We|W7|WS|WS|WI0|WI11|WI12|WIi13|Wi1d |WI15|Wi6|WI17|W18]| #
Select data X X X X X X X X X X X X X X 15
Clean-up source data X 6
Design URIs X X X 5
Define vocabularies | X | X | X | X X X 9
Specify metadata X X 18
Map vocabularies to
data X X X| X| X ]| X X X X 9
Link to other data
sources X X X X X 9
Enrich the datasets 6
Convert to RDF X X X X X X X X X X X X 18
Clean-up RDF data 1
Version the datasets X 1
Define licenses 3
Publish the data X X X X X X X X X X X X X |1e
Enable discovery X X 4
Build/reuse apps on
top of data X X | X X X X 6
Create and maintain
the data portal X X 2
Engage with the
community X 1
Define non functional
reguirements X X X 3
Define maintenance
tasks X X 2

Fig. 3. Mapping of steps and studies for the selected methodologies. The last column accounts for the total number of appearances.

Observing the last column, we can see that some
steps are much more present than others. In particu-
lar, the very basic steps are: select the data, convert to
RDF and publish the data. Next, defining and mapping
vocabularies. In fact, some studies are closely limited
to these core steps [e.g. W6, W11, W3], reaching the
4th level of linked data. Next, the interlinking of differ-
ent data sources, configuring the 5th level. A similar
number of appearances for the metadata specification.
There are more sparse activities, considering the pub-
lishing process in a broader sense, such as versioning
and licensing of data, community feedback, and main-
tenance tasks.

RQ2. How were the methodologies evaluated em-
pirically? In this work, we consider the methodolo-
gies for publishing linked open government data as ar-
tifacts designed to solve problems of a particular do-

main, achieving knowledge and understanding of it, as
conceptualized in the Design Science Research field
[59]. Thus, we used the categorization of [60], derived
from works in design science research, to classify the
different evaluation methods applied in the selected
studies.

As illustrated in Table 3, 39% of the studies (7 out
of 18) did not provide an empirical evaluation in the
paper, being restricted to make a list of steps and rec-
ommendations, mostly justified by the basic principles
of linked data and the 5-stars schema. Most of the pa-
pers (9 out of 18) provided illustrative scenarios of
the application of the methodology. The actual vali-
dations were varied, ranging from the visualization of
weather statistics [W4] to cataloging a national library
[W16], and also batches of government data [e.g. W6,
W18]. According to this evaluation framework, illus-
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Table 3
Evaluation methods adopted in the selected studies.
Evaluation Description Studies
method
Tllustrative Application of the method [W4, W6, W7, W9,
scenario in real-world data aimed at W12, W13, W15,
illustrating the utility of the W16, W18]
artifact
Prototype Implementation of an [W2, W17]
artifact aimed at
demonstrating the utility or
suitability of the artifact
Logical An argument with face [W1, W3, W5, W8,
argument validity; without empirical W10, W11, W14]
experimentation

trative scenarios differ from case studies because the
latter involves analyzing the impact of the interven-
tion in the natural environment. In the selected studies,
there was no article which provided this sort of eval-
uation, being restricted only to prove the concept. In
addition, two of the papers [W2 and W17] focused on
showing how a tool could support the process and de-
tailed its features. We must emphasize that in this work
we focus on the actual validation explicit in the pa-
per. Some works build on the authors’ previous experi-
ences in open government data projects or perhaps on
validations carried out in other stages of the research
and that could not be retrieved.

RQ3. What tools and vocabularies were used/ recom-
mended to support the steps? Although the prescrip-
tion of tools is not mandatory in a methodology, it
surely offers a good starting point for practitioners, in
making decisions like buy vs. build approaches. As ar-
gued in [25] and [26], working on small datasets is a
task that can be tackled manually, for small and static
datasets. However, LOD projects, particularly in gov-
ernments’ scope with large and diverse datasets, the
use of tools is necessary to ease the effort in an auto-
matic or at least semi-automatic approach. Thus, we
consider that this is an important source of informa-
tion. To that end, we used the same steps identified in
RQ1I and mapped how each of the studies dealt with it
in their respective papers. Figure 4 shows the mapping
of tools used in the selected studies.

The biggest diversity in tools was found for the data
conversion step, with many different tools proposed,
used or suggested. In this case, the choice of a par-
ticular tool depends on the nature of the data source.
For instance, when the data is extracted directly from
a relational database, the D2RQ platform was the most
used. In other cases, where other data formats are used,

such as the common OGD formats of CSV, XML and
JSON, OpenRefine was most frequently used. Most
of these tools also provide a feature that supports the
mapping of vocabularies during the task of converting
raw data into RDF - thus the overlapping of tools in
both steps.

For the selection of data, some custom tools were
built, aiming to extract data from a repository and
use it as input for the next steps - assuming that the
datasets were already specified and are available (ei-
ther in a relational database or an open data cata-
log). For the definition of vocabularies two distinct
approaches were identified: tools to search for exist-
ing vocabularies (such as LOV, Swoogle) and tools to
create new vocabularies, like Protégé, OntoWiki, and
TopBraid Composer. For cleaning up the data, Open-
Refine was used in two studies, along with two other
custom tools. For the design of URIs no tools were
used, but guidelines, especially the Cool URI guide-
line®, which recommends practices on how to model
instances using HTTP URIs. Other guidelines were
also listed: Designing URI for the UK Public Sector’
and Style Guidelines for Naming and Labeling Ontolo-
gies®.

Concerning the storage of linked data, two tools
were most used: CKAN and OpenLink Virtuoso.
CKAN is currently the open data catalog most used by
open government initiatives, hosting files and serving
them through the Web and their metadata by API in-
terfaces. On the other hand, Virtuoso, an open-source
platform used to host RDF knowledge graphs and
making them available through a SPARQL interface.
Although it provides more flexibility, it also carries
problems of usability by end-users - who must be
knowledgeable in SPARQL queries - and performance
issues, because of the dynamicity of the query results.

9

RQ4. What kinds of validations were employed to
assure better data quality practices?

In software engineering, verification and validation
are the processes of checking whether a software prod-
uct meets specifications and that it fulfills its intended
purposes. Publishing open government data on the web
is a major step, but their value is only as important as

Shttps://www.w3.0org/TR/2008/NOTE-cooluris-2008 1203/

https://www.gov.uk/government/publications/
designing-uri-sets-for-the-uk-public-sector

8http://dcpapers.dublincore.org/pubs/article/view/3626

9Given the number of tools, the list of references can be found in
the full report, in appendix: https://bit.ly/319BGAH
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Step

Tool/Guideline

Select data

Open Data Kit [W1], KoBo Toolki[W1], UnBGOLD [W2], dcat browser [W13], custom tools [W5,W6]

Clean-up source data

Open Refine [W7, W13], custom tools [W5, W6]

Define vocabularies/ontologies

LOV [W3, W15], Protégé[W3, W15], Semantic Media Wiki [W8]. OntoWiki [W8], Swoogle [W15, W16], SchemaWeb
[W15]. SchemaCache [W15], Neclogism [W15], MeOn Toolkit [W15]. TopBraid Compaser [W15]. Altova [W15]

Design URIs

Cool URIs [W3, W14, W15, W16], Designing URIs for the UK Public Sector, Style Guidelines for Ontologies

Specify metadata

UnBGOLD [W2], VolD [W3, W15, W18], Open Provenance Model [W15, W18], Dublin Core [W3], Provenir [W18]

Map vocabularies to data

OpenRefine [W7, W10, W13, W15], DZRQ [W4, W6, W9, W15], UnBGOLD [W2], Semantic Media Wiki [W8], OntoWiki
[WE], WebDAV [W10], Sponger [W10], StdTrip [W17], XL Wrap [W15], RDF123 [W15], NOR20 [W15], UltraWrap [W15],
GRDDL [W15], TopBraid Composer [W15], ReDeFer [W15], any23 [W15], Stats2RDF [W15]

Link to other data sources

SILK [W3, W8, W9, W10, W15], LIMES [W3, WE, W15], OpenRefine [W10, W13], RKBExplorer [WE], GNAT [WE], RDF-Al

(W8], Pundit [W10]

Enrich the dataset

COpenRefine [W10], MOMIS [W9], Fusepool P3 [W7], csv2rdfdlod [W18], DL-Learner [W38), Protégeé reasoners [WE],

OntoWiki plugins [W8]

Conwvert to RDF

OpenRefine [W7, W10, W13, W15], D2ZRQ [We, W8, W9, W15], lena [W2, W4], Kettle [W16], StdTrip [W17],
csw2rdfdlod[W18], OpenCalais [WE], Alchemy [WE], FOX [WE], Sparglify [WS8], Virtuoso RDF Views [WE], WebDAV
[W10], Sponger [W10], XL Wrap [W15], RDF123 [W15], MOR20 [W15], UltraWrap [W15], GRDDL [W15], TopBraid
Composer [W15], ReDeFer [W15], any23 [W15], Stats2RDF [W15], custom tools [W5, W11, W12]

Clean-up RDF data

RDF Alerts [W15], sameAs Link Validator [W15]

Version the datasets

Define licenses

Creative Commons Choose [W1]

Publish the data

CKAN [W1, W2, W12, W13, W14], Virtuoso [W6, W10, W15, W16], Socrata [W1], OpenDataSoft [W1], Jackan [W2],
OAM Framework [W4], LMF [W9], Clerezza [W10], Jena TDB [W10, W15],Fuseki [W13], Sesame [W15, W16], 45tore
[W15, W16], OWLIM [W15, W16], YARS [W15], Redland [W16], Bigdata [W16]

Enable discovery

Sitemap protocol [W3, W15, W16], Datahub [W3], CKAN.net [W13, W15]

Pubby [W15, W16], LodLive.it [W10], Relfinder [W10], D3JS [W10], Elda [W16], DZR Server [W16], djubby [W16], WESD

Build apps on top of data DESH [W16]
Create and maintain the data
portal CKAN [W12]

Engage with the community

Define non functional
requirements

Define maintenance tasks

Trelis [W8], ProLOD [W8], LinkQA [WS8], WIQA [W8], Sieve [WB8], tSPARCOL [W8], CTIC Vapour [W16]. RDF/XML Validator|

[W16]

Fig. 4. Artifacts used or suggested by the studies, according to the steps previously identified’

their quality. As a complex process, verification and
validation tasks could be used to better guarantee the
quality of the data produced. Despite data quality in
LOD being an essential concept, the autonomy and
openness of the information providers make the Web
vulnerable to missing, inaccurate, incomplete, incon-
sistent or outdated information [Ngomo et al., 2014].
And, as argued previously, even with all the effort
made the final result may not reach a high quality.
Thus, we sought to search which validation tasks were
employed by the studies during the process.

Few studies proposed an explicit phase or steps to
make validations throughout the lifecycle of linked
data production. W8 brings the most detailed tasks,
with a phase dedicated to linked data quality and its re-
spective validations. The authors considered the work

of Zaveri et al. [39] and listed 18 quality dimensions
and 68 metrics, divided into 4 groups: accessibility, in-
trinsic, contextual and representational. However, the
study did not apply it in a real case study, only with an
illustrative example. W15 employed two validations in
their methodology: in the data clean-up phase, to check
for RDF, accessibility, vocabulary, and data types mis-
takes or errors; and in the final of the linking phase,
in which domain experts should revise the automatic
links created with tools like SILK or LIMES. W10 pro-
vides a validation phase, between the linking phase
and the release of the data. In this phase, the authors
claim that data should be checked for accuracy, ac-
cessibility, consistency, completeness, visibility, cata-
loging, promotion, compliance and privacy. The study
does not detail this phase nor apply it in a case study.
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W6 presents a step for validating tabular data, after
the automatic collection from a digital catalog and be-
fore converting them to RDF. The authors presented
their algorithm and applied it in datasets from Thai-
land open data portal, evaluating the precision and re-
call metrics of the algorithm for identifying structural
problems.

Other studies mention the importance of validations
during the process. However, they offered suggestions
and did not contemplate dedicated tasks. Wi16 per-
formed in their case study the validation of the RDF
conversion for the correctness of format. W7 also did
quality checks after the data transformation, and only
did it in the case studies and without further detail-
ing. W5 discusses the problem of data incomplete-
ness but does not detail how their methodology and
architectural components dealt with it. W4 states that,
in their approach, only well-formed datasets could be
processed, but did not show how it could be checked
in their methodology. W3 points to the importance of
validating the links to external datasets, that should be
performed by domain experts. W1 highlights the im-
portance that potential users need to understand and
validate the data, during the data collection phase,
however, the authors do not detail how it could be car-
ried out.

6. Discussion

This work sought to make a mapping of method-
ologies developed for the publication of linked open
government data on the Web, given all its specifics.
Although the open government data movement is still
producing large amounts of data worldwide, the linked
data still represents a very small portion of those.
Given the distributed nature of the Web and the intrin-
sic distributed nature of linked data, even if a dataset
is correctly deployed, its quality (and therefore, its
chance for reuse) depends also on its dependencies
on external data, which makes the maintenance of the
linked datasets a big challenge.

We notice that important studies were made in the
beginning of this decade and it has again been lever-
aged in the last few years. The reason for the cre-
ation of these methodologies in the period of 2011-
13 is arguably the deployment of governmental open
data portals, such as in the USA (2009) and the UK
(2010) that released hundreds of datasets in their first
years, glimpsing the opportunity for a Web of data
[23]. Many studies in the last few years, returned from

the search in the data sources, concerned the applica-
tion of a method to create linked data for a particular
purpose, sometimes based on one of the studies listed
here and most of the times by creating an ad-hoc ap-
proach for their problems. The justification is mostly
that the existing methodologies are too generic and do
not consider the particularities of their domain. Some
domains were more prevalent in the applications of
linked data: geographical data, e-procurement, agricul-
tural and environmental data, smart cities and legisla-
tive data. In addition, a subset of the studies investi-
gated just one or a few steps of the whole process, such
as techniques for data quality enhancement, automatic
interlinking of datasets, vocabularies/ontologies devel-
opment, the licensing resolution, semantic data extrac-
tion from HTML tables, among others.

As pointed in [ 1 3], the existing Linked Data method-
ologies have a varying number of steps, but still gen-
erally cover the same activities. The main difference
in the methodologies is the grouping of actions within
different steps and on different levels of granularity.
Apart from some explicit differences, which we will
further examine, they cover the palette of actions in-
volved in the process of generating and publishing a
linked dataset, and thus can be grouped into six general
phases.

Regarding our first research question, we showed
the commonalities of the different methodologies.
Most of the studies addressed the basic tasks of: select-
ing data sources, converting them to RDF, linking them
to other datasets and publishing the resulting files. Al-
though these are all essential tasks to publish linked
data, some of the studies did not mention it explicitly.
For example, W9 used as a starting point a particular
dataset from the Italian government, thus not consid-
ering the step of selecting data sources and its particu-
lar issues. The only task that was explicitly described
by all the methodologies was the conversion of OGD
data to RDF, rendering all other tasks as auxiliaries to
this core activity. However, linked open data is not just
transforming tabular data into RDF and putting it on
the Web. So, each methodology contributed sparsely
with different, yet important, steps that should be con-
sidered to achieve a final product with good quality,
such as modeling the licenses of the data, the version-
ing of datasets, the engagement with the community,
the definition of non-functional requirements (such as
privacy and performance) and important maintenance
tasks. Based on the steps extracted from the papers, we
built the following process model depicted in Figure 5,
with all the steps grouped by the most common phases
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present in the studies. It can be used as a roadmap for
LOGD initiatives and resource estimation, where man-
agers may decide what level of formalism should be
developed according to their context.

As publishing linked data is a very complex process,
we argue that these are important aspects that must be
taken into account in the scenario of publishing open
government data as linked data on the Web. The W3C'’s
recommendation Data on The Web Best Practices [01],
although do not focus only on linked data, considers
most of these issues and may provide guidance on how
to map them into a formal method.

Our second research question assessed how these
methodologies were evaluated in their initial proposal.
The assessment framework we adopted here was based
on the literature of information systems and design sci-
ence research, which focuses on the design, develop-
ment and evaluation of artifacts to address real-world
problems [59]. The artifact type here is a method,
i.e., actionable instructions that are conceptual, not al-
gorithmic. An important phase is the evaluation pro-
cess, with different degrees of formality. We found
that some of the selected papers did not present any
formal evaluation of the methodology (logical argu-
ments); mostly written to be used as a tutorial or a set
of best practices rather than a formal inquiry. Maybe
that is one of the reasons why they are perceived as
too generic and not adopted in later works. Two studies
(W2 and W17) presented a prototype as the main con-
tribution, embedding their methodology in a software,
demonstrating that it works as intended and it is useful
for its intended purpose. Thus, we noted a lack of more
formal evaluations with the proposed methodologies,
in assessing how they modify their context. Although
it may not be reasonable to design controlled experi-
ments to evaluate the methodologies, other forms may
be employed, such as case studies or action research.
According to this framework, both evaluation types
investigate how the artifact was used and how it ad-
dressed the real-world problem. The illustrative sce-
narios, on the other hand, applies the artifact to demon-
strate its suitability but does not consider how it af-
fected the situation (for instance, the technological im-
pacts or the consumption of the data).

The third research question assessed how these
methodologies prescribed tools to support their exe-
cution. The use of tools may be considered as a sys-
tematic concretization of the methodology since it pro-
vides a common ground that can be applied and com-
pared in different situations. As with the second re-
search question, many studies suggested few tools or

just a single one to different steps. As they were de-
signed to be generic for different domains, only ab-
stract steps were suggested, leaving open how it can be
done in different domains. This may also be a reason
why they are perceived as too generic in later works.
The major exception in this list was W8, which listed
lists of tools for every phase that encompasses their
methodology, in a 99 pages length report. As with the
first question, the bulk of tools were concentrated in
the core tasks: the mapping of vocabularies/ontologies
to the raw data, the conversion of data files to RDF,
and the storage platform (triple stores or open data cat-
alogs). A cross-reference with works such as LOD2
project [32] - developed to provide software stack aim-
ing to support the production of linked data - or Open-
Gov Intelligence'?, for statistical data, might be use-
ful so that non-expert publishers may become famil-
iar with the whole process and experiment themselves
in their context. Other platforms, such as the LinDA
project!! and DataGraft '2 also present a set of tools to
deal with the whole process, yet they handle only the
most common scenarios.

Our fourth research question explored what valida-
tions were employed during the process of linked data
production. As pointed previously, data quality is still
a big issue for linked open data on the Web, so a vali-
dation model throughout the process could bring bene-
fits to the availability of the final product. Few studies
presented explicit validation tasks during the process.
Most of the studies either just recommended that some
steps would be advisable or did not include it at all.
The studies which did specify either did not evaluate
it with a real case study or did it for specific steps of
the process - particularly, to validate the format of the
input data (mostly, tabular data) or to validate the links
to other datasets identified automatically. The excep-
tion was again W8, which provided with a whole phase
concerning data quality with many metrics and vali-
dations that could be performed in different aspects,
but without an actual application. Two studies (W7 and
W16) did not prescribe a specific task for validation
during the presentation of the methodology but did it in
the illustrative scenario that they applied the method-
ology, what leads to thinking that validations are sup-
posed to be implicit for the entire process. Thus, in ac-
cordance with the first research question, the auxiliary
steps, along with the core tasks, are important in as-

10http://www.opengovintelligence.eu/
http://linda-project.eu/
2https://datagraft.io
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Fig. 5. Process model derived from the steps extracted from the selected papers.

suring a higher quality of the data and should also be
considered for validation tasks throughout the process.

7. Research directions

We list in this section some possible research di-
rections concerning improvements in methodologies to
publish LOGD, in general. Other important aspects,
such as data consumption, are out of the scope of this
work.

Considering all the variabilities and commonalities
from the different methodologies, we consider helpful
to create a process model for publishing LOGD. Since
we have core activities, that appears to be common
to all the contexts (RQ]I), it should provide a map so
that practitioners could understand the whole picture
and make informed decisions on which steps should be
used or discarded and their impacts in the final prod-
uct.

Methodologically, it would be interesting to have
longitudinal studies, considering the usage of the
linked data, how the methodology evolved in the con-
text in which it was applied, and should also drive
for requirements for the maintenance phase. Although
illustrative examples are helpful to demonstrate how
it can be applied with real data, the production of
(linked) open data is a sociotechnical process [19, 62]
through which there is a continual interplay between
technological (process, tasks, technology) and social
aspects (relationships, reward systems, authority struc-
tures).

The inclusion of explicit validation steps along the
process may be helpful to ensure a higher quality prod-
uct early on the process. Some validations can be au-
tomated, particularly concerning structural aspects and
some may be considered to be prone to human anal-
ysis, especially in semantic modeling. Methodologies
such as the V-model [63] for software development
considers a validation point after the end of each phase
and could be adapted to this end. Or maybe the appli-
cation of acceptance criteria for user stories from agile
methods. Quality frameworks such as the one provided
by Zaveri et al. [39] and the Data on the Web Best
Practices [61] could be used to compose these steps.

Another direction is the possibility to make large
scale deployment, reusing legacy open data. A large
amount of structured and semi-structured data is al-
ready available in most of the countries and provide a
valuable source to ‘cross the chasm’ and reach network
effects on the already existing data. The task that re-
quires most effort is arguably modeling the data, either
by carefully selecting existing and validated vocabu-
laries or by creating new ones, for each of the datasets
and their distributions along time. We argue that this
could be achieved by deriving ontologies from the data
files, from simple automatic mappings [64] to more
elaborate approaches [65, 60] as a starting point, lever-
aging the mature state of the data, applying a prag-
matic perspective of linked data [67], which consid-
ers ontologies as a lightweight representation tool for
an open and decentralized environment like the Web.
The evolution of these vocabularies could be done col-
laboratively by data consumers and domain specialists
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inside or outside the government’s scope - thus, also
decentralized.

As argued previously, the distributed nature of the
Web makes it difficult to assure that all linked compo-
nents are working or have high quality over time. In
addition, the lifecycle of governmental datasets is very
dynamic, reflecting administrative changes, domain re-
finement, new legislation or guidelines around the data
and so on. Keeping track of these changes and making
them transparently available is a big challenge. Thus,
the maintenance phase is very important and should
be developed further, in order to monitor if what was
produced remains valid in this decentralized context.

8. Conclusions

Publishing LOGD is a very complex task. Although
the release of OGD is still growing, the steps to trans-
form it to linked data - with high quality - is an open is-
sue. As discussed in this work, there are relatively few
linked data on the web and they present quality prob-
lems. Although this is a complex multidimensional
phenomenon, some technological and methodologi-
cal approaches may support its development. Some
methodologies were carefully designed, but it seems
that they failed to base later works on how to publish
linked open government data. As argued in [55], there
is no one-size-fits-all process and set of tools to publish
linked data, given the different contexts, data sources,
technologies, etc. However, the products of the process
and most of the steps to achieve it are common among
different approaches. In this paper, we followed this
rationale, by deducing what has been done in differ-
ent contexts and deriving a unified methodology with
practices adopted during the last decade.
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