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Abstract

The benefits of open data have by now been extensively investigated. However, the generated
data grows at a rapid pace and, with it, a plethora of concerns including, among others, data
quality, interpretability, machine-readability, and interoperability. The present study aims to
review recent literature regarding the semantic interoperability challenges for open (and
government) data and to examine the status for difficult areas of research which have not yet
been sufficiently addressed. The literature review revealed various sector-specific but also
general, cross-domain challenges, which were then categorized into four groups according to
the source where the issue usually stems from. As far as the status of approaches to the
identified challenges is concerned, there appears to be a tendency to avoid fit-to-all solutions
and instead follow a more domain-specific strategy to enable semantic interoperability, and
allow for cross-domain reuse, wherever this is possible.
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1. Introduction

The European Union Directive 2019/1024 [1] on open data and their re-use, emphasizes the need
for all EU Member States to be active and involved in preparations for their infrastructure to support
open data as a concept and adopt open and re-use policies for the data generated. The Directive thus
pinpoints that the data made available for reuse, as well as the relevant metadata derived from it, needs
to be interpretable and machine-readable in order to satisfy the important condition of data
interoperability. According to the National Interoperability Framework Observatory (NIFO), the model
which describes the most important aspects of interoperability and integrates the concept of
interoperability-by-design, consists of six layers: four layers of interoperability (technical, semantic,
organizational, and legal interoperability), one component for all four layers which is “integrated public
service governance” and one background layer, which is “interoperability governance” [2]. The scope
of this research is to focus on the semantic interoperability layer. Interoperability is a multi-dimensional
challenge, which, to be addressed to a satisfactory degree, needs improved awareness raising and
knowledge relevant to all six layers mentioned previously in the interoperability-by-design paradigm.
In this light, the main aim of the presented research is twofold,; first, to understand the current situation
of existing semantic interoperability challenges and, secondly, to organize the identified areas of
semantic challenges using a sectoral approach.

The methodology of this study consisted of the following approach. Initially, the literature was
retrieved mainly from the digital libraries of Scopus and IEEE Xplore, limited to the ones with
publication date between 2018 and 2022, English language, and using search queries with logical
operators and the following keywords: “semantic”, “challenges”, “open data”, “interoperability”, “open
government data”. As a next step, the retrieved results were subject to the “Preferred Reporting Items
for Systematic Reviews and Meta-Analyses” (PRISMA) method [3]. Finally, the information obtained
was synthetized in a conceptual categorization of the identified challenges.
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2. Findings

Challenges related to semantic interoperability are supported by the conducted structured literature
review and presented in Section 2.1.

2.1. Literature Review

The sectors referred to in the retrieved literature were Health, Education, Cultural Heritage, Digital
Government, Agriculture, Environment, and Open Statistical Data, the latter being a horizontal, cross-
sectoral category. Some indicative results are presented in this Section. For instance, semantic
interoperability challenges in the health sector include the heterogeneity of information systems [4], the
data fragmentation over multiple silos, the varying medical consent policies, and different legislations
on national level [11, 6, 7, 8, 10], but also the risk of faulty information, which information
representation models entail, and the inability to express biomedical knowledge in a formal but also
straightforward manner [9]. The legislation and policies incompatibility [15], data inconsistencies,
semi-structured information, data heterogeneity, and the lack of common vocabularies also concern the
digital government sector. Moreover, the need for stable, governed data standards [15], the integration
of data sources to represent relationships and allow for cross-domain usage, but also the requirement of
collaboration between human and non-human agents are some more aspects of semantic interoperability
in this context [16, 17, 18]. Heterogeneous information systems, unstructured and unlinked data are
challenges also present in the sector of agriculture [21, 22]. The educational sector, as listed in the
examined literature, suffers mainly from poor metadata and the difficulty of linking the data. There is
a need for more domain-specific ontologies to formally express knowledge, but also to build on unified
education vocabularies, while the varying levels of access to technological means (and thus e-
education) is another soft challenge [13, 5, 12, 14]. Similarly, the poor or non-standardized metadata
hinders the interoperability of cultural objects, while the lack of accessibility to shared information and
formal knowledge representation are strongly present in the cultural heritage sector [19]. Another
challenging aspect of semantic interoperability which is frequently encountered in knowledge domains
with strong terminology compounds, such as the environment sector, derives from the
multidisciplinarity of information, the large variation in technical language, and the different terms of
use, conventions, etc. In addition, documentation (guides, manuals etc.) usually exists in various
formats and forms (such as plain text), while there is an incessant need for consistent access to methods
and practices [20]. Lastly, a cross-sectoral category (as the data might concern all of the aforementioned
and more), the open statistical data, suffers from the challenges which disparate sources and portals
entail, while another issue of pivotal importance is the difficulty of differentiation between two
components which have, in fact, very close semantic proximity but are modeled using different
standards [23, 24, 25, 26].

2.1.1. A Categorization of Semantic Interoperability Challenges

All things considered, interoperability challenges can be horizontal and existent in all sectors, while
others are more sector specific. Common cases include, among others, the complexity of data
integration, the heterogeneous nature of information systems and data, the varying levels of access to
technological means by various stakeholders, incomplete, redundant or unstructured data, and the lack
of standardized approaches. Focusing specifically on the semantic interoperability challenges, one can
see all related issues eventually converging and stemming from common origins. Table 2 presents the
identified semantic interoperability challenges, conceptually organized in four categories.



Table 2
A Categorization of Semantic Interoperability Challenges for OGD

Ontological Metadata-Related Core Components Other
Inability to express Need for enrichment of Information models Varying legislation or
knowledge in a formal poor metadata. represent artifacts in policy at national level.
but also straightforward which information is
manner. assigned, perils of faulty

information.
Need for definition of Lack of semantic Unstructured data. Lack of new tools and
domain-specific relationships to link data.  Fragmentation. practices and lack of
ontologies. standardization policy.
Need for definition of Non standardized Different models for Data heterogeneity.
common, multi-domain, metadata. components with close Domain
core ontologies. Discoverability not semantic proximity. multidisciplinarity,
Difficulty to make enabled. Lack of common semantic proximity and
lightweight ontologies. vocabularies. difficult differentiation

among terms.

3. Conclusions

The purpose of this study was to identify the semantic interoperability challenges for open (and
government) data and to examine the status for difficult areas of research which have not yet been
sufficiently addressed. The literature review revealed various sector-specific but also cross-domain
challenges, conceptually categorized into four groups. The presented work is, however, subject to some
limitations. Due to the vastness of the topic and the plethora of existing literature, this study is not
exhaustive, and an alternative methodology could be fruitful to extract more insight and complement
the literature findings, e.g., expand the knowledge sphere by conducting semi-structured interviews
with experts for each domain (e.g., platform developers, industry professionals, government entities,
semantic web experts and more) in order to gain perspective of the state-of-the-art in this regard but
also potentially identify the stakeholders directly or indirectly affected by these technological
difficulties, aiming to emphasize alignment with a more citizen-driven but also data-driven approach.
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