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Abstract
The generation of social and economic value from the vast quantities of data opened by governments has been much
lower than the initial expectations. It requires the development and cooperation of ecosystems composed of various
public, private, and non-profit actors. For the development of these ecosystems in order to generate social and economic
value from open government data (OGD), necessary conditions are, on the one hand, the availability of a critical mass
of OGD and, on the other hand, the existence of some level of homogeneity and interoperability among the numerous
portals and websites providing them, which enables their combined exploitation that increases the potential for value
generation from them. This paper focuses on the latter and develops the Technical, Semantic, Legal, and Organizational
(TSLO) Interoperability Framework, a conceptual tool designed to provide a structured multi-dimensional assessment
of the interoperability capabilities of OGD infrastructures, based on the ‘European Interoperability Framework’ (EIF)
as well as relevant OGD literature. This TSLO framework has been applied for the assessment of the above main
dimensions of the interoperability of the OGD infrastructures of the Greek local government administration institutions
of all three layers (decentralized, regional, and municipal). After this application, nine interviews were conducted with
nine municipalities that do not provide OGD in order to gain a deeper understanding of the reasons for this. The results
of this first application of TSLO revealed not only the low participation of Greek local government institutions, and
especially of the municipalities, in the OGD movement (with only 8 out of the 332 municipalities providing open data
on their portals or websites), but also the inconsistent implementation of this, especially with respect to the use of
semantic technologies as well as the legal frameworks under which the open data are provided, resulting in low levels of
interoperability among them. The interviews that were conducted revealed that the opening of some of their data was
not a priority for them, as their limited resources had to be used for the development of internal information systems
for increasing their efficiency, as well as e-services for the citizens, enabling them to conduct transactions electronically
(through the Internet). Our study makes a contribution to the still limited body of research on OGD ecosystems,
examining an important precondition for their development that has not been researched in previous literature; also,
our framework can contribute to the increase of interoperability of OGD infrastructures and therefore to the increase
of social and economic value generations for the OGD they provide.
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CCS Concepts
• Information systems • Information systems applications • Collaborative and social computing systems and tools

Additional Keywords and Phrases
Open Government Data (OGD), Open Data Interoperability, Open Data Ecosystem, Greek Open Government Data, Greek
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Key Points for Practitioners
Open Data Publisher – TSLO interoperability framework is useful for the OD publishers to identify and evaluate the portal
weaknesses and strengths concerning interoperability.

Open Data Policy Makers – based on the outcomes of the TSLO interoperability framework better policies can be
developed for open-data.

Tools and application developers – Can better interact with the open data providers and other stakeholders of the open
data ecosystem in the presence of proper open data interoperability framework.
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1 Introduction
As data are highly important for modern economies and societies, the opening of the large quantities of data that govern-
ment organizations possess has a great potential to enable the generation of significant social and economic value; there is
a plethora of academic research that reveals its importance for the cultivation of civic trust, the promotion of administrative
transparency, as well as the boost in economic growth (Reggi et al., 2022; Reggi & Dawes, 2016; Sarantis et al., 2023).
The embrace of open data provision took its contemporary form initially with the launch of the Open Data Foundation
in 2004, and at a government level, with the United States government pioneering it with the release of open government
data (OGD) through their data.gov portal. This approach was gradually adopted by other governments globally. Over the
past decade, OGD programs have been promoted by governments of many countries with the purpose of enhancing open-
ness, transparency, accountability, and innovation, as well as fostering economic development (Luna-Reyes & Najafabadi,
2019).

However, despite the large investments that have been made by governments of many countries for these OGD pro-
grams, their outcomes have been much lower than the initial expectations with respect to the extent of use of the OGD as
well as the generation of social and economic benefits and value from them (Dawes et al., 2016; Fang et al., 2024; Reggi &
Dawes, 2022). Especially the latter has turned out to be much more complicated and less straightforward than expected; it
requires the involvement and cooperation of many public, private, and non-profit actors, so multi-actor ‘ecosystems’ have
to be developed and efficiently function and cooperate for this purpose (Fang et al., 2024; Harrison et al., 2012; Immonen
et al., 2018; Lnenicka et al., 2024; Reggi & Dawes, 2022; Susha et al., 2023; Van Loenen et al., 2021; Zuiderwijk et al.,
2014). Though some research has been conducted about OGD ecosystems, their study ‘is still in its infancy’ (Lnenicka
et al., 2024; Reggi & Dawes, 2022), and extensive further research on them is required.

Our study makes a contribution to this still limited, however quite important (due to the abovementioned significance
from the generation of social and economic value from OGD) body of research about OGD ecosystems. It investigates
a critical precondition for the development of the OGD ecosystems: the existence of sufficient and interoperable OGD-
provider portals. In particular, there is a good motivation for the development of OGD ecosystems if: i) there is a critical
mass of OGD, provided by OGD portals and websites of many government organizations of both central and local gov-
ernment; and also, ii) there is a high level of interoperability between these OGD portals and websites, which enables
the combined exploitation of them (i.e., datasets from several different OGD portals and websites can be retrieved and
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merged/joined) that enables the generation of high levels of social and economic value. This latter precondition is quite
important, as relevant literature has revealed that it is the combination of multiple and diverse OGD datasets from a vari-
ety of sources that can lead to the generation of higher levels of social and economic value (Ali et al., 2022b; Lnenicka
et al., 2024, 2024; Van Loenen et al., 2021; Yunita et al., 2022). So, the standardization and interoperability of OGD pro-
vision is recognized as a necessary condition for generation of substantial value from them (Ali et al., 2022b; European
Commission, 2020; Lnenicka et al., 2024). This is particularly important for the case of local government organizations:
each of them can provide OGD valuable ‘real-life’ data concerning many different thematic areas, which however con-
cern a limited geographic area; so in order to generate substantial social and economic value, it is necessary to use,
combine, and merge/join OGD from many different local government organizations (Jetzek et al., 2013, 2014; Sieber &
Johnson, 2015).

In particular, the present study aims to develop initially a multi-dimensional structured framework for assessing this
highly important interoperability of OGD infrastructures (and therefore the potential for combining the OGD datasets they
provide). The framework is then applied to the OGD infrastructures of the Greek local government administration institu-
tions of all levels (decentralized, municipal, and regional) in order to evaluate their interoperability capabilities. Greece is
a very interesting national context for this first application of our framework, as it belongs to the developed world, being a
member of the European Unions and the Eurozone; however it is characterized by a lower level of ‘digital’ development in
comparison with the other European Union countries (e.g., see its position with respect to the ‘Digital Economy and Soci-
ety Index’ (DESI) (https://digital-strategy.ec.europa.eu/el/policies/desi). Furthermore, Greece has experienced a prolonged
economic crisis between 2008 and 2018 (Gourinchas et al., 2016; Meghir et al., 2017), which on the one hand reduced
the available economic resources for digital investments in government but on the other hand created strong incentives for
the increase of its efficiency by expanding the use of digital technologies. The Greek initiative to open government data
to society and the economy is a journey that started more than a decade ago; it has also been supported not only by the
government but also by non-governmental organizations like Open Knowledge Greece, which started its activities in 2012
and is part of the Open Knowledge International since 2013. Quite limited research has been conducted concerning the
investigation and evaluation of the OGD status in Greece, which however focuses mainly on OGD provision by central
government organizations (Alexopoulos et al., 2013, 2018) or is a small part of study of the digital transformation of the
local governments (Bousdekis & Kardaras, 2020). Thus, we observe a notable research gap in the examination of the status
of OGD provision by local government in Greece at all its layers (municipal, regional, and decentralized administrations).
So, the findings of this application will provide insights into the current status of OGD infrastructures in the Greek local
government and identify areas for improvement in order to enhance the interoperability of OGD infrastructures and foster
the development of OGD ecosystems.

Therefore, the research objectives (ROs) of our study are:

• RO1: Develop an integrated multi-dimensional framework for assessing the interoperability of OGD infrastructures.
• RO2: Apply/validate this framework for the assessment of the interoperability of the OGD infrastructures of the

Greek local government.

Our research objectives concern the investigation of a fundamental and highly important precondition for the development
of OGD ecosystems, which has not been examined in previous relevant literature.

This paper consists of nine sections. In Section 2, research background work is outlined. In Section 3, the detailed
methodology of this work has been listed. In Section 4, the above Technical, Semantic, Legal, and Organizational (TSLO)
Interoperability Framework is described. Then Section 5 presents the method and data of its application in the context of
Greek local government. The results of this application are presented in section 6. In Section 7, we present the insights
from the interviews we conducted with some Greek municipalities that do not provide OGD. We conclude with sections 8
and 9, which include a discussion and the conclusions of our research respectively.

2 Background
In this section we outline the background of our study, which includes previous literature about the existing interoperability
frameworks (in 2.1) and the OGD provision by local government (in 2.2); this literature has been found through a Google
Scholar search using as keywords ‘interoperability frameworks’ for the former, and ‘local open government data’ for the
latter.

https://digital-strategy.ec.europa.eu/el/policies/desi
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2.1 Existing Interoperability Frameworks
While no comprehensive frameworks for the assessment of the interoperability of OGD infrastructures have been identi-
fied, there are some frameworks in this direction that focus on specific aspects or thematic types of OGD infrastructures,
which offer some useful insights and elements.. Leiva-Mederos et al. (2017) focus on the semantic interoperability of
Research Information Systems (CRIS). Hernandez et al. (2019) develop an interoperable open specifications framework
for smart city urban platforms; although it contains an interoperability layer that also accommodates OGD, it has a much
wider scope and aims to integrate various technologies and ensure interoperability across the smart city systems. Ibrahim
et al. (2021) focus on the health domain and examine the integration of various health datasets opened in Malaysia. A
recent paper by Barcellos et al. (2022) is focusing on data ‘interpretability in OGD portals, aiming to identify relevant
challenges and research opportunities.

Furthermore, we also examined relevant frameworks, which might be useful for the development of our multi-
dimensional framework for assessing the interoperability of OGD infrastructures. Initially we examined the European
‘Interoperability Maturity Assessment of a Public Service’ (IMAPS) framework (DIGIT-IMAPS, 2016), which was
developed by the European Commission, for the assessment of the interoperability of public services based on the
‘European Interoperability Framework’ (EIF) (European Commission, 2017) (see https://ec.europa.eu/isa2/eif_en/); it
includes/assesses four aspects of interoperability: technical, semantic, organizational, and legal. The EIF is widely rec-
ognized and used as an interoperability framework, and this has led to further work on it by the European Commission,
such as an elaboration for smart cities and communities. European Commission., Directorate General for Informatics.,
Deloitte. et al. (2021), a study on the development of a European framework for interoperability skills and competences
in the public sector (European Commission., Directorate General for Informatics., Katholieke Universiteit Leuven. et al.,
2021), etc., while it has also attracted considerable research interest, (e.g., (Casiano Flores et al., 2021), (Kyriakopoulou
et al., 2021)). Furthermore, we examined an interesting model that has been developed by the Australian government
for the assessment of data interoperability of government agencies: the ‘Data Interoperability Maturity Model’ (DIMM)
(National Archives of Australia, 2022). These two models cannot be directly used for the assessment of the interoperability
of OGD infrastructure that is required for a functioning OGD ecosystem; they include some useful elements; in the case
of DIMM, the dimensions that have been used to form this model are too broad and they can be abstractly interpreted and
the EIF is more about the interoperability of public administration service provision.

Relevant literature, policy documents, guidelines, and standards have been identified, emphasizing the growing require-
ments for OGD infrastructures and the interoperability needs across technical, semantic, legal, and organizational
dimensions. This will enhance our study and contribute to answering the research questions. Table 1 outlines these key
studies (academic, policy-based, standards, and guidelines) and their connection to the TSLO dimensions.

A constructive conclusion has been drawn from synthesizing existing interoperability frameworks for public adminis-
tration and OGD: they do not fully address the specific aspects of OGD interoperability and lack a structured approach
for measuring OGD infrastructure interoperability. Therefore, a clear need exists for a comprehensive framework that
incorporates all relevant dimensions from existing frameworks and literature with concrete, easily assessable sub-metrics.

2.2 OGD Provision by Local Government
The provision of OGD by local government organizations is particularly important, as these entities are more closely
connected to citizens and the ’real-life’ functioning of cities in comparison with central government and have a wide
range of thematic areas of activity, so they possess valuable ‘real-life’ data that can be quite useful from both a social
and economic perspective. The release of certain data held by local authorities can not only promote transparency and
accountability in their activities, but also generate opportunities for local economic development (Abutabenjeh et al.,
2022; Las Casas et al., 2016; Lupi et al., 2020; Vostrovský & Rysová, 2014), which is much needed, especially in rural
and disconnected areas. However, in order to achieve these objectives, it is necessary: a) big numbers of local government
organizations to provide large quantities of OGD; and b) to achieve a high level of homogeneity and interoperability among
the OGD infrastructures of the numerous local government organizations, which enables the combination of them; this can
significantly increase the social and economic value that can be generated from them (as the value that can be generated
from the use of OGD of only one local government organization usually is limited, with the only exception of the very big
municipalities). These provide strong incentives and motivation for the development of larger and wider ecosystems around
OGD for the generation of social and economic value from them. So, the homogeneous and interoperable local government
OGD portals/websites are a vital precondition for the creation of OGD ecosystems that can multiply the benefits each
institution can provide on its own: businesses can efficiently utilize and combine data from different institutions and
provide added value services; also, the local governments themselves can compare their performance in various aspects
of their operation with other local governments, possibly get inspired from them and finally offer better services to their

https://ec.europa.eu/isa2/eif_en/
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Table 1. Previous Studies About OGD Interoperability.

Resource Description Focus of the Study

Open data and agriculture (Schaap et al.,
2019)

Standards improve data
interoperability in agriculture,
covering vocabularies,
taxonomies, and protocols.

Focuses on open government data
(OGD) and technical, semantic, and
organizational aspects of
interoperability, with indirect
references to the interoperability
dimension.

Open data, crime and justice (Elena, 2019) Discusses challenges of
standardizing and integrating
crime data across agencies.

Primarily addresses the technical
aspects of interoperability, but does
so implicitly, based on the scope of
the study.

(The Frontiers of Data Interoperability for
Sustainable Development, 2017)

Defines semantic, syntactic, and
search interoperability;
emphasizes international
partnerships for sustainable data.

Explicitly focuses on semantic aspects
with indirect reference to technical
interoperability dimensions.

(Data on the Web Best Practices, 2017) Best practices for data publishing,
access, and interoperability on
the Web.

Covers most aspects of technical and
semantic dimensions of
interoperability.

Creating Value through Open Data
(European Commission. Directorate
General for the Information Society and
Media. et al., 2015) & OECD 2024
(Recommendation of the Council on
Digital Government Strategies, 2024)

OGD reduces costs, improves
access, and enhances
interoperability.

Primarily addresses the legal and
organizational dimensions of
interoperability.

Open data policies (Zuiderwijk & Janssen,
2014)

Compares policies, strategies, and
OGD impact, focusing on reuse
and interoperability.

Discusses semantic, legal, and
organizational dimensions of OGD
interoperability.

(INSPIRE Directive, 2007) Addresses spatial data
interoperability across public
authorities.

Primarily focuses on the technical and
semantic interoperability of
geospatial data.

(The ISA2 Programme, 2017) European program for public
administration interoperability.

Covers technical, semantic, legal, and
organizational dimensions of OGD
interoperability, though not in a
structured taxonomical manner.

citizens; furthermore, active citizens and journalists can easily compare the performance of different local government
organizations boosting accountability and transparency overall.

With respect to the opening of data by local government, the most relevant study we identified was a paper that evaluated
the capabilities of local governments’ portals in Australia concerning the provision of OGD and the impact of their release
at a local level (Chatfield & Reddick, 2017). Some similar studies were identified as well concerning other countries,
including Taiwan, South Korea, etc. In particular, Lin & Yang (2014) examine OGD provided by local governments in
Taiwan, with the main emphasis on the evaluation of the quality of OGD based on the five-star ranking system. A study
by Kim & Eom (2019) focuses on the effects of some ‘soft’ factors on the success of open data initiatives of Korean
local governments; in particular, it examines the effects of managerial ability, institutional conditions, and socio-economic
characteristics of each particular local government, as well as the demographic characteristics of the area it serves. In the
research described in Kariuki et al. (2020), the main focus is to investigate the role of OGD in enabling fiscal transparency
and accountability in municipalities in Africa (South Africa and Nigeria).

Also, Sandoval-Almazán et al. (2021) delve into the strategies used by Mexican municipal governments to adopt OGD
and examine the perceptions and priorities of 67 Mexican public officials around OGD, specifically regarding openness,
citizen involvement, and OGD. They discover that local public managers tend to have two main views about OGD: one
is more concerned with technological innovation and the other with democratic principles and shared accountability. The
findings show that authorities have a vague idea of what OGD is and that there are substantial problems because of lack of
resources and different degrees of awareness. In order to improve local levels of openness, involvement, and collaboration,
this study emphasizes the necessity of more explicit policies and stronger backing.

Additionally, with respect to Greece, we identified a paper examining the digital transformation and the websites of
local government organizations in Greece, which is dealing with OGD provision, however with a minor emphasis on it
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Figure 1. Research methodology for the development of the TSLO interoperability framework and its application/validation in
Greek local government.

(Bousdekis & Kardaras, 2020). Furthermore, a study by Lampropoulou & Spanou (2022) dealing with citizen empow-
erment and elimination of corruption in Greece, examines (among others) the role of OGD provision by government
organizations of different layers for this. The launches of Data.gov.gr, which is Greece’s National OGD Portal, are investi-
gated by Dimitrelou & Fouskas (2023), as it is clear evidence of the country’s unwavering commitment to developing the
OGD realm. However, the analysis conducted by Papachristou & Gounopoulos (2023) reveals weaknesses with respect to
the quality of the OGD provided by government agencies in Greece, which reduce their usefulness for social and economic
value generation.

Summarizing, through our review of literature about the existing interoperability frameworks outlined in Section 2.1 and
the provision of OGD by local governments outlined in Section 2.2, it becomes evident that, despite notable contributions,
a critical gap persists in research on the interoperability of OGD infrastructures of local governments. Moreover, there is a
need for a comprehensive framework specifically designed to assess and enhance interoperability of OGD infrastructures.

3 Research Methodology
As mentioned at the end of the previous section, from the review of the related literature we conducted, two important
research gaps have been identified. Firstly, there is no proper framework for assessing the degree of interoperability of
OGD infrastructures that enables the integration of open data from different OGD infrastructures, which allows their
combined exploitation leading to the generation of higher levels of social and economic value from them (and therefore
creates strong incentives and motivation for the development of OGD ecosystems for this purpose). Secondly, we identified
a research gap concerning the opening of data by local government organizations. Our research contributes to filling both
of these research gaps. In particular, it addresses the first of the above research gaps by developing the TSLO (Technology,
Semantic, Legal, and Organizational) framework for the assessment of interoperability of OGD infrastructures (which
is described in the following section 4). Also, it addresses the second of these research gaps by applying this TSLO
framework for the Greek local government (as described in sections 5 and 6). Furthermore, by addressing the above two
research gaps, our research investigates a highly important precondition for the development of OGD ecosystems, which
has not been examined by previous relevant literature.

So, we developed and then applied/validated a TSLO interoperability assessment framework. For this purpose, we
adopted a research methodology that includes the following steps (shown in Figure 1):

a. Initially based on the European Interoperability Framework (EIF), as it is the most widely recognized and used
interoperability framework, we defined the main assessment dimensions of the TSLO (technical, semantic, legal, orga-
nizational) (see Section 4 for more details about the justification and foundations of these four TSLO assessment
dimensions).

b. Then for each of these assessment dimensions, a set of metrics was defined based on relevant OGD literature (in the
final paragraph of Section 4, the methodology we used for this is explained in detail).
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Figure 2. Steps of the application of the TSLO.

c. Next, the TSLO interoperability framework was applied for assessing the OGD infrastructure of the Greek local
government; we examined all three layers of it: decentralized administrations, regional administrations, and municipalities.
For each of these OGD infrastructures, by inspection of them, we assessed the four dimensions of the TSLO framework;
in particular, for each dimension, we assessed each of its metrics in a binary form (i.e., the existence or absence of the
corresponding characteristic in this OGD infrastructure). The main steps we followed are shown in Figure 2. Initially we
examined the availability of OGD infrastructures in the above local government organizations; then desk-based research
was conducted, which included access and examination of the existing OGD infrastructures of Greek local government
organizations, in order to assess them with respect to the technical, semantic, legal, and organizational metrics of the TSLO
framework.

d. Finally, as we found that only a small share of the local government organizations of the above three administrative
layers of Greece provided OGD, we conducted a number of interviews with local government organizations not providing
OGD in order to understand the main reasons for this. In particular, we conducted interviews with four smaller and two
larger municipalities of the North Aegean islands not providing OGD. The first category includes the municipalities of
Ikaria, Eastern Samos, Western Samos, and Western Lesvos, which are responsible for geographical areas with populations
between 8,500 and 24, 000 citizens and are staffed with 100 and 145 public servants; the second category includes the
larger municipalities of Chios and Mytilene, which are responsible for areas having populations of 50,360 and 59,000
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citizens, respectively, and are staffed with 500 and 250 public servants, respectively. We also conducted interviews with the
three out of the four large municipalities of Crete that do not provide OGD (Crete is the biggest Greek island, having higher
levels of economic activity and development than the North Aegean islands): Chania, Rethymno, and Agios Nikolaos
(while the fourth one is the municipality of Heraklio, which provides OGD through a dedicated portal, as described in
more detail in the following section). They are responsible for areas having populations of 109,000, 55,500, and 27,000
citizens, respectively, and are staffed with 623, 764, and 250 public servants, respectively. In each of these municipalities
we conducted an interview with the ICT manager (in some of them being a director, and in some others a Head of Unit);
these interviews were conducted through electronic means (mainly Zoom). In each interview, initially we asked them
some questions in order to assess their level of awareness about OGD, and then we discussed with them the reasons for
not providing OGD. In Table 2, we can see the main characteristics of these nine municipalities. These interviews were
recorded, transcribed, and then coded using an open-coding approach. The insights gained from this second part of our
research (interviews) are presented in Section 7.

4 The TSLO Framework
For the combined exploitation of OGD from many different OGD portals and websites, several different dimensions of
interoperability among them are required. Quite important is the semantic interoperability, as it enables a common meaning
and understanding of OGD, which is crucial for generating high levels of value by combining multiple open data sources
(Kirstein et al., 2020; Papachristou & Gounopoulos, 2023). Furthermore, in order to facilitate effective collaboration
and sustainable development, highly important are organizational dimensions that include particular responsibilities and
governance mechanisms concerning the opening and use of data (Kampars et al., 2020). Also, the data licensing, privacy,
and regulatory frameworks are all part of the legal standards that control the usage of the OGD by the actors participating
in an OGD ecosystem and the value generation from them. At the same time, important for the combined exploitation of
OGD are the data formats and standards, which are defined in the technical perspectives of interoperability. To build a
robust OGD ecosystem, it is essential to meet the distinct needs of each standard. This approach ensures that the data is
technically feasible to combine and logically consistent, and that its use is also ethically and legally sound (Geisler et al.,
2022; Immonen et al., 2018; Styrin et al., 2017). Moreover, data quality standards are necessary to guarantee that OGD
portal datasets are accurate; otherwise, incompatible datasets and errors in data collection can lead to false findings, which
can have negative consequences for their usefulness for social, policy, economic, and scientific purposes. Therefore, in
order to enable combined exploitation of datasets from many different OGD portals/websites, which allows the generation
of higher levels of social and economic value from them, increasing the motivation for the creation of OGD ecosystems
for this purpose, several different dimensions of interoperability among these OGD portals/websites are required.

Based on the above principles, we developed a multi-dimensional framework for assessing OGD infrastructures from
the interoperability perspective. The framework adopts the main dimensions of interoperability defined in the Euro-
pean EIF and the IMAPS framework (European ‘Interoperability Maturity Assessment of a Public Service’) outlined in
Section 2, as well as its complementary: it examines the interoperability of OGD portals and websites from the technical,
semantic, legal, and organizational (TSLO) perspectives, which are crucial for developing interoperability between OGD
infrastructure and can pave the way for the creation of an OGD ecosystem. The EIF defines the main layers/dimensions of
interoperability: technical, semantic, organizational and legal; however, these interoperability dimensions are not elabo-
rated for OGD infrastructure interoperability in the EIF; also, the EIF does not suggest metrics for each of these four
interoperability dimensions. So, we used as basis the following definitions of these four interoperability dimensions
provided by the EIF (European Commission, 2017) :

• The technical dimension concerns “the applications and infrastructures linking systems and services. Aspects of
technical interoperability include interface specifications, interconnection services, data integration services, data
presentation and exchange, and secure communication protocols.”

• The semantic dimension aims to ensure “that the precise format and meaning of exchanged data and informa-
tion is preserved and understood throughout exchanges between parties; in other words, ‘what is sent is what is
understood’.”

• The legal dimension concerns “ensuring that organizations operating under different legal frameworks, policies,
and strategies are able to work together. This might require that legislation does not block the establishment of
European public services within and between Member States and that there are clear agreements about how to deal
with differences in legislation across borders, including the option of putting in place new legislation.”

• The organizational dimension refers “to the way in which public administrations align their business processes,
responsibilities, and expectations to achieve commonly agreed-upon and mutually beneficial goals.”
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Based on the above conceptualizations of the four interoperability dimensions outlined above, we developed an elaboration
and adaptation of them for the assessment of OGD infrastructures’ interoperability. For each dimension of the TSLO, a set
of metrics was defined based on relevant literature. In particular, for each dimension, we searched through Google Scholar
for relevant papers using the following keywords:

- technical aspects/features of open data, technical features of open data infrastructures/portals,
- semantic aspects/features of open data, semantic features of open data infrastructures/portals,
- legal aspects/features of open data, legal aspects of open data infrastructures/portals
- organizational aspects/features of open data, organizational aspects of open data infrastructures/portals

Then using the papers, we found from the above search we adopted a snowballing’ approach: in the references of each
paper, we searched for more relevant papers. We also conducted a similar search using the Scopus database, but we did not
find any additional papers. Finally, from the whole set of relevant papers we found, we extracted the main aspects/features
of each dimension, from which the specific metrics of it were defined. These metrics of the four dimensions of the TSLO
as well as their rationale and supporting literature are shown in Table A1 of the Appendix.

5 Application of the TSLO in the Context of Greek Local Government
Greece was one of the first countries in the European Union to become part of the OGD movement, joining the Open
Government Partnership (OGP) in 2011 (Open Government Partnership, 2011). Despite Greece’s early involvement with
OGD in an attempt to promote government transparency, enhance citizen trust, and boost economic growth, the progress
has been slow. According to the Open Data Maturity Report of 2023 (data.europa.eu, 2023), Greece acquired a "beginner"
rating and has declined in comparison with other European countries, slipping from 13th place to 30th. Other studies, such
as the evaluation of data format quality of OGD portals in Southern EU countries by Papachristou & Gounopoulos (2023),
have revealed that the quality of the OGD formats provided by Greek organizations is low, often rated at levels 1 or 2 in
the five-star model. To improve the state of OGD in Greece, the government has released an action plan (Greece, 2023)
aiming to promote the development and enhancement of OGD portals, with a main focus on the central OGD portal.
This plan seeks to improve both the quality and quantity of available data and provide training to public workers and
other stakeholders to increase the impact of OGD in the country. The use of the TSLO framework can become a useful
tool towards this direction, helping government officials achieve the goals presented in the action plan. Furthermore, as
mentioned in the Introduction, the Greek national context is a very interesting one for making a first application of our
TSLO framework, as Greece belongs to the developed world, being a member of the European Union and the Eurozone;
however, it is characterized by a lower level of ‘digital’ development in comparison with the other European Union
countries; also, Greece recently experienced a prolonged economic crisis between 2008 and 2018 (Gourinchas et al.,
2016; Meghir et al., 2017), which impacted negatively all aspects of social and economic life.

In Greece there are three layers of local government: decentralized administration, regional administration, and munic-
ipalities: in particular, there are 7 decentralized administrations, 13 regional administrations, and 332 municipalities. We
conducted a combination of searches, initially on all local government websites using their search functionalities and
menus. Subsequently, we used queries in web search engines, constructed to identify mentions of OGD on all the local
government websites. We retained only those local government entities providing OGD through their dedicated infrastruc-
tures, in their websites, or in specific OGD portals they have developed for this purpose. We excluded those entities that
provide data through the national OGD portal. Then we assessed the existing local government infrastructures (websites
or portals) using the TSLO framework with respect to all its technical, semantic, legal, and organizational metrics. The
results of this first part of our research are presented in the following Section 6.

Furthermore, because, as explained in more detail in the following section 6 only a small share of the local government
organizations of the above three administrative layers provided OGD, after the above desk-based research, we conducted
nine interviews with Greek municipalities that do not provide OGD, in order to understand the main reasons for this.

6 Results of TSLO Application
Our first interesting result is that only a small minority of municipalities (8/332) and decentralized administrations (1/7)
provide OGD; furthermore, nearly a quarter of the regional administrations (4/13) have proceeded to the provision of OGD.
In particular, five municipalities have OGD portals (Heraklion, Thessaloniki, Malevizi, Trikkala, and Chalandri), and three
host OGD provisions on their websites (Larissa, Patra, and Rhodes). Furthermore, two regional administrations have OGD
portals (Attica and Central Greece) and two host OGD provisions on their websites (Western Macedonia and the Ionian
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Table 3. Technical Dimension Metrics for the Decentralized Administration OGD Infrastructure.

Technical Metrics Crete

Performance and Scalability ✓
Integration with External Systems ✓
Multi-language Support �
Data Update Frequency ✓
Data Visualization Tools (Limited) ✓
Data Filtering and Search ✓
Data Metadata (Limited) ✓
Underlying OD CMS (CKAN, DKAN, Socrata, Custom etc.) ✓
Data Access Methods (Direct Download) ✓
API Availability ✓
Data Formats Supported (Up to 2 Star) ✓
Thematic Categorization ✓

Islands). Some more local government organizations provide OGD through the national OGD portal. This indicates a low
participation of municipalities, as well as regional and decentralized administrations, in the OGD movement with their
own infrastructures, and therefore a low awareness and understanding of the social, political, and economic benefits that
the opening of local government data can offer; this does not allow the generation of high levels of social and economic
value by combining OGD from large numbers of municipalities and decentralized administrations, so there are not strong
motivations for the development of ecosystems for this purpose. However, at the regional level of government, there is
a higher participation in the OGD movement, which reveals some higher awareness and understanding of the potential
benefits that the opening of their data can offer.

6.1 Technical Dimension
Initially, we assessed the existing OGD infrastructures of the local government (decentralized, regional, and municipal)
administrations with respect to the 12 metrics of the technical dimension described in Section 4. They concern impor-
tant technical aspects of them: performance and scalability, integration with external systems, multi-language support,
data update frequency, data visualization tools, data filtering and search, metadata of the data, underlying OD CMS
(CKAN, DKAN, Socrata, Custom, etc.), data access methods (direct download), Application Programming Interface (API)
availability, data formats supported (up to 2 star) and thematic categorization.

In Table 3, we can see the results for the only existing OGD portal of decentralized administration: the one of Crete; we
can see that it meets 11 out of the 12 metrics, with the only deficiency being the lack of multi-languality. In Table 4, we
can see the results for the four regions that have OGD infrastructures. Most of them meet a significant part of the technical
metrics (one meets 8 metrics, one meets 9 metrics, and one meets 10 metrics), and only one meets less than half of the
metrics (5). The main deficiencies in the regional administrations’ OGD infrastructure concern the lack of multi-linguality,
API availability, and data update frequency. Finally, in Table 5, we can see the results for the eight municipalities that have
OGD infrastructures. Three of them meet a significant part of the technical metrics (9 or more), while the remaining five
meet less metrics (however more than half of them). The main deficiencies in the municipalities’ OGD infrastructures
concern the lack of integration with external systems, API availability, and multi-linguality.

In Figure 3, we can see the results concerning the technical dimension metrics for each of the 13 local government
organizations that have OGD infrastructures (portals/websites), organized by administrative layer: initially for the 8 munic-
ipalities, then for the 4 regional administrations and finally for the regional administration. The average number of technical
metrics met by these 13 local government organizations’ OGD infrastructures is 8.2/12, so we can conclude that there is
a moderate degree of compliance with these basic technical requirements. The OGD infrastructures of the decentralized
administration of Crete and the municipality of Thessaloniki meet the highest number of technical metrics (11/12) among
the examined local government organizations, followed by the ones of the regional administration of Central Greece and
the municipality of Heraklio that meet 10/12 technical metrics. Also, we remark that the OGD infrastructures of 6 out of
these 13 local government organizations meet at least 75% (9) of the technical metrics.

6.2 Semantic Dimension
In Tables 6, 7, and 8, we can see the results of assessment of the same OGD infrastructures with respect to the 7 metrics of
the semantic dimension; they concern some important semantic aspects of them: the utilization of standard vocabularies
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Table 4. Technical Dimension Metrics for the Regional Administrations’ OGD Infrastructures.

Western Ionian Central
Technical metrics Attica Macedonia Islands Greece

Performance and Scalability ✓ � ✓ ✓
Integration with External Systems � � ✓ �
Multi-language Support � � � ✓
Data Update Frequency � ✓ � ✓
Data Visualization Tools (Limited) ✓ � ✓ �
Data Filtering and Search ✓ � ✓ ✓
Data Metadata (Limited) ✓ ✓ ✓ ✓
Underlying OD CMS (CKAN, DKAN, Socrata, Custom etc.) ✓ ✓ ✓ ✓
Data Access Methods (Direct Download) ✓ ✓ ✓ ✓
API Availability � � � ✓
Data Formats Supported (Up to 2 Star) ✓ � ✓ ✓
Thematic Categorization ✓ ✓ ✓ ✓

Table 5. Technical Dimension Metrics for the Municipalities’ OGD Infrastructures.

Technical metrics Heraklio Thessaloniki Larissa Maleviziou Patras Rhodes Trikala Chalandri

Performance and Scalability ✓ ✓ � ✓ � � ✓ ✓
Integration with External Systems � � � � � � � �
Multi-language Support ✓ ✓ � � � � � �
Data Update Frequency ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Data Visualization Tools (Limited) ✓ ✓ � � � � � ✓
Data Filtering and Search ✓ ✓ � ✓ � ✓ ✓ ✓
Data Metadata (Limited) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Underlying OD CMS (CKAN, DKAN,

Socrata, Custom, etc.)
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Data Access Methods (Direct
Download)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

API Availability � ✓ � � � � � �
Data Formats Supported (Up to 2 Star) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Thematic Categorization ✓ ✓ ✓ ✓ � ✓ ✓ ✓

and ontologies, linked data principles, RDF data representation, metadata enrichment, data interlinking, versioning and
evolution of data, and alignment with industry standards for open data. In particular, in Table 6, we can see that the
decentralized administration of Crete meets almost all these semantic metrics of the TSLO framework (6 out of 7), with
the only exception of the utilization of standard vocabularies and ontologies. In Table 7, we can see the same metrics
of the semantic dimension of our TSLO framework for the four regional administrations: two of these four regional
administrations meet none of these semantic metrics, while on the contrary, Western Macedonia meets nearly all these
semantic metrics (6 out of 7) followed by Attica meeting only one of the metrics. Therefore, there is a lower adoption
of these semantic standards/specifications by the above regional administrations. The main deficiencies concern again the
utilization of standard vocabularies and ontologies, the adoption of the linked data principles, the RDF data representation,
the metadata enrichment, the data interlinking, and the alignment with open data standards. Finally, Table 8 shows these
semantic dimension metrics for the eight municipalities: two of them meet none of these semantic metrics, and another
one meets only one metric, while on the contrary, another three, the Heraklion, Thessaloniki, and Trikkala ones, comply
with all the semantic metrics of the framework (7 out of 7), followed by Chalandri (5 out of 7) and Maleviziou (3 out
of 7). The main deficiencies at the municipal level are the lack of RDF data representation, followed by the lack of data
interlinking, linked data principles adoption and use of standard vocabularies and ontologies.

In Figure 4, we can see the results concerning the semantic dimension metrics for each of the 13 local government
organizations that have OGD infrastructures (portals/websites), organized by administrative layer. The average number
of semantic metrics met by the OGD infrastructures of these 13 local government organizations is 3.6/7, so we can
conclude that there is a lower degree of compliance of them with these basic semantic requirements. However, we note
that there is a high level of heterogeneity among these organizations: there are three municipalities, the ones of Heraklio,
Thessaloniki, and Trikkala, that meet all the 7 semantic metrics, while the decentralized administration of Crete and the
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Figure 3. Technical dimension metrics for the decentralized (D), regional (R) and municipal administration OGD infrastructures.

Table 6. Semantic Dimension Metrics for the Decentralized Administration’s OGD Infrastructure.

Semantic Metrics Crete

Alignment with Open Data Standards ✓
Versioning and Evolution of Data ✓
Data Interlinking ✓
Metadata Enrichment ✓
RDF Data Representation ✓
Linked Data Principles ✓
Use of Standard Vocabularies and Ontologies �

regional administration of Western Macedonia meet 6 out of 7 semantic metrics; on the contrary, we have six of the
examined local government organizations meeting one or none of these basic semantic metrics.

6.3 Legal Dimension
In Tables 9, 10, and 11 illustrate how the existing open data infrastructures of decentralized, regional, and municipal
adhere to the 4 metrics of the legal dimension; they concern important legal aspects of open data provision: open data
licensing, license compatibilities, data usage rights, and attribution requirements metrics. In Table 9, we can see that the
OGD portal of Crete complies with all the metrics (4 out of 4) by providing proper information regarding open data
licenses; these licenses are also compatible with the open data rules and regulations and usage rights, as well as attribution
rights, and are well-described on the portal. At the regional layer, as depicted in Table 10, the OGD infrastructures of
Attica and Western Macedonia regional administrations comply with the legal dimension metrics fully (4 out of 4). The
Ionian Islands regional administration complies with most of them (3 out of 4) and only lacks license compatibility. On
the contrary, Central Greece regional administration OGD infrastructure is not providing any information regarding these
four important legal aspects of their open data infrastructure. In Table 11, we can see a clear ‘polarization’: out of the
eight municipalities that have OGD portals, half (four) do not provide any information regarding the legal dimensions
of the TLSO framework, while on the contrary, the other four achieve a high level of compliance: the municipalities of
Heraklion, Thessaloniki, and Chalandri fully comply with the legal metrics (4 out of 4), while the Maleviziou one (3 out
of 4) lacks information only on open data licensing.
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Table 7. Semantic Dimension Metrics for the Regional Administrations’ OGD Infrastructures.

Central Western Ionian
Semantic Metrics Attica Greece Macedonia Islands

Alignment with Open Data Standards � � ✓ �
Versioning and Evolution of Data ✓ � ✓ �
Data Interlinking � � ✓ �
Metadata Enrichment � � ✓ �
RDF Data Representation � � ✓ �
Linked Data Principles � � ✓ �
Use of Standard Vocabularies and Ontologies � � � �

Table 8. Semantic Dimension Metrics for the Municipalities’ OGD Infrastructures.

Semantic Metrics Heraklio Thessaloniki Maleviziou Trikkala Chalandri Larissa Patras Rhodes

Alignment with Open
Data Standards

✓ ✓ ✓ ✓ ✓ � ✓ �

Versioning and Evolution
of Data

✓ ✓ ✓ ✓ � � � �

Data Interlinking ✓ ✓ � ✓ ✓ � � �
Metadata Enrichment ✓ ✓ ✓ ✓ ✓ � � �
RDF Data Representation ✓ ✓ � ✓ � � � �
Linked Data Principles ✓ ✓ � ✓ ✓ � � �
Use of Standard

Vocabularies and
Ontologies

✓ ✓ � ✓ ✓ � � �

Figure 4. Semantic dimension metrics for the decentralized (D), regional (R) and municipal administration OGD infrastructures.
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Table 9. Legal Dimension Metrics for the Decentralized Administration’s OGD Infrastructure.

Legal Metrics Crete

Open Data Licensing ✓
License Compatibility ✓
Data Usage Rights ✓
Attribution Requirements ✓

Table 10. Legal Dimension Metrics for the Regional Administrations’ OGD Infrastructures.

Western Ionian Central
Legal Metrics Attica Macedonia Islands Greece

Open Data Licensing ✓ ✓ ✓ �
License Compatibility ✓ ✓ � �
Data Usage Rights ✓ ✓ ✓ �
Attribution Requirements ✓ ✓ ✓ �

Table 11. Legal Dimension Metrics for the Municipalities’ OGD Infrastructures.

Legal Metrics Heraklion Thessaloniki Maleviziou Trikkala Chalandri Larissa Patras Rhodes

Open Data
Licensing

✓ ✓ � � ✓ � � �

License
Compatibility

✓ ✓ ✓ � ✓ � � �

Data Usage
Rights

✓ ✓ ✓ � ✓ � � �

Attribution
Requirements

✓ ✓ ✓ � ✓ � � �

In Figure 5, we can see the results concerning the legal dimension metrics for each of the 13 local government organi-
zations that have OGD infrastructures (portals/websites), organized by administrative layer. The average number of legal
metrics met by the OGD infrastructures of these 13 local government organizations is 2,5/4, so we can conclude that there
is a low to moderate degree of compliance of them with these basic legal requirements. However, we note that there is a
high level of heterogeneity among these organizations: six of them meet all 4 legal metrics, and another two meet 3 out of
the 4 legal metrics; on the contrary, the remaining five organizations meet none of the legal metrics.

6.4 Organizational Dimension
Tables 12, 13, and 14 describe the compliance of decentralized, regional, and municipal open data infrastructure, respec-

tively, with the 4 metrics of the organizational dimension metrics; they concern important aspects of the organization of
the open data provision by the provider local government: data governance structure, data release policy, data publishing
workflow, and data quality assurance; these aspects contribute to the better organizational interoperability of open data
infrastructure. At the decentralized administration layer, the Crete open data portal fully complies with the organizational
dimension metrics (4 out of 4) as shown in Table 12. At the regional administration layer, as portrayed in Table 13, Attica
fully complies (4 out of 4) with the organizational metrics, while Western Macedonia complies with most of them (3 out
of 4) and the Ionian Islands comply with half of them (2 out of 4). The main deficiencies are the lack of data quality
assurance, which is common in both, and the lack of data governance structure for the Ionian Islands. Finally, the Central
Greece open data portal does not comply with any of the organizational dimension metrics. At the municipal level, as
depicted in Table 14, Heraklion and Thessaloniki fully adhere (4 out of 4), followed by Trikkala, Chalandri, and Rhodes
having only one deficiency in data quality assurance (3 out of 4). On the contrary, two municipalities comply with only
one metric, and one municipality does not comply with any of the organizational dimension metrics: the Maleviziou and
Larissa ones (with only 1 out of 4), which, in addition to data quality assurance, have deficiencies in data governance
structure and data release policy. Finally, the municipality of Patras does not meet any of the organizational dimension
metrics.

In Figure 6, we can see the results concerning the organizational dimension metrics for each of the 13 local government
organizations that have OGD infrastructures (portals/websites), organized by administrative layer. The average number of
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Figure 5. Legal dimension metrics for the decentralized (D), regional (R) and municipal administration OGD infrastructures.

Table 12. Organizational Dimension Metrics for the Decentralized Administration’s OGD Infrastructure.

Organizational Metrics Crete

Data Governance Structure ✓
Data Release Policy ✓
Data Publishing Workflow ✓
Data Quality Assurance ✓

Table 13. Organizational Dimension Metrics for the Regional Administrations’ OGD Infrastructures.

Central Western Ionian
Organizational Metrics Attica Greece Macedonia Islands

Data Governance Structure ✓ � ✓ �
Data Release Policy ✓ � ✓ ✓
Data Publishing Workflow ✓ � ✓ ✓
Data Quality Assurance ✓ � � �
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Table 14. Organizational Dimension Metrics for the Municipalities’ OGD Infrastructures.

Organizational Metrics Heraklion Thessaloniki Maleviziou Trikkala Chalandri Larissa Patras Rhodes

Data Governance
Structure

✓ ✓ � ✓ ✓ � � ✓

Data Release Policy ✓ ✓ � ✓ ✓ � � ✓
Data Publishing

Workflow
✓ ✓ ✓ ✓ ✓ ✓ � ✓

Data Quality
Assurance

✓ ✓ � � � � � �

Figure 6. Organizational dimension metrics for the decentralized (D), Regional (R) and Municipal administration OGD
infrastructures.

legal metrics met by the OGD infrastructures of these 13 local government organizations is 2,6/4, so we can conclude that
there is a low to moderate degree of compliance of them with these basic organizational requirements. However, we note
that there is a high level of heterogeneity among these organizations: four of them meet all 4 organizational metrics, and
another four meet 3 out of the 4 organizational metrics; on the contrary, there are 4 organizations meet one or none of the
organizational metrics.

7 Insights from the Interviews
In all the interviews we conducted with these nine municipalities that do not provide OGD, it was clear that there was
a good awareness about OGD, as in the past they had been issued relevant guidelines from the central government; fur-
thermore, they had identified some of the datasets they possessed that can be useful to various actors (firms, citizens,
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researchers, journalists, etc.) if they are opened; however, there were differences with respect to their specialized knowl-
edge of how this data opening can be implemented (from technical, organizational and legal perspectives), as well as the
relevant standards they should comply with and the best practices for this.

But the most interesting finding was that all of them, despite their awareness about OGD, did not regard it as an ICT
activity of high priority, as their main priorities were: a) the development of internal information systems, in order to
support the complex internal processes of their municipalities, increase their efficiency and reduce their operating costs;
b) the development of e-services for citizens and firms, which enable them to conduct electronically (through the Internet)
their transactions with their municipalities; this improves the quality of the services provided to the citizens and firms,
which is highly visible and appreciated by the local societies, and at the same time reduces their operating costs of their
municipalities.

Furthermore, they mentioned that during the last fifteen years Greece faced two important crises: the serious and long
recessionary economic crisis in the period 2010–2018, and then the COVID crisis in the period 2020–2023. The first of
these crises resulted in a severe decrease in the available financial resources in all Greek public organizations, especially
in the local government ones, as part of the austerity programs that had been put into effect for overcoming the crisis; this
reduced the available budgets for all the activities of their municipalities, including the ones for ICT activities. However,
despite these reduced ICT budgets during this period, they faced strong pressure to make quite demanding developments
of internal information systems, which allowed them to continue performing their main operations (e.g., their complex
financial management processes) with fewer personnel than in the past (i.e., ‘to keep the lights on’), as recruitments of
personnel had been drastically reduced (so it was not possible even to replace the public servants who retired). One of the
interviewed ICT managers said:

‘This was a difficult time, because we had to do more with less money, and the elected officials, the mayor and the councilors, could
not understand the magnitude of the effort required, as they did not have sufficient knowledge about ICT, and software development
in particular, and that this was not possible with drastically reduced ICT personnel and budgets’

So, under these circumstances, opening data was not a priority, as it did not contribute to the above main objectives
they had at that time (contributing to continue performing the main processes and operations, and reducing the operating
costs) or to the improvement of the services they offered to citizens and firms.

The second crisis was caused by COVID-19 and started two years after the end of the first and on one hand, it led
to a considerable increase in the financial resources available for ICT activities (as the central government increased
substantially the financial resources it provided to public organizations of all layers for ICT activities). However, on
the other hand it necessitated the rapid development of e-services for citizens and firms, which enabled them to conduct
electronically (through the Internet) their transactions with public organizations, in order to reduce the face-to-face contacts
and the spread of COVID-19 that might result from them; also, it necessitated the provision of tele-working and tele-
conferencing capabilities (i.e., working as well as holding meetings from home using personal computers provided by the
municipality, which are connected through the Internet to its internal systems) to big numbers of public servants, as well as
elected officials (even the municipal councils and the municipal committees had to be conducted through teleconferencing.
These often required an upgrade of their hardware as well as their network connections. Therefore, these were their high
priority ICT activities during the COVID-19 period 2020–2023, so opening data was not included among their main
priorities. For instance, the ICT manager of a small North Aegean municipality said:

‘It was absolutely necessary when COVID-19 appeared to provide as soon as possible tele-work and tele-conferencing capabilities
(at their homes) to many of the employees and elected of our municipality, which required the procurement of many laptops, cameras
and other equipment, as well as to upgrade many of our digital infrastructures. This had to be done in a very short time and was
very difficult’

Another ICT manager of a larger municipality in Crete said:

‘One of the most important challenges during the COVID-19 period was that we had to provide extensive teleconferencing capabili-
ties to a big number of people; the municipal council had to be conducted online, and the same happened with the expensive required
co-operation and meetings during this period with other public organizations of the central as well as the regional administration’

Summarizing, the interviews indicate that the main reasons for having not proceeded to the opening of some of the data
possessed by these municipalities were:
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a) Some other much higher ICT-related priorities that had been caused by the two important crises that appeared in
the previous decade.

b) The opening of data is less visible and appreciated by the local societies and has no impact on the efficiency and
the operating cost of municipalities’ internal operations, in comparison with other kinds of ‘digital actions’ that
they can undertake (such as internal information systems and e-services).

8 Discussion
The findings presented in the two previous sections indicate that only a minority of the Greek local government organiza-
tions have developed a dedicated infrastructure (a dedicated infrastructure or a section of their website) for opening part
of their data that might be interesting and useful to the economy and society. Furthermore, there is a lack of homogeneity
between the few existing open data portals and websites of local government organizations. Only some of them meet the
basic technological, semantic, legal, and organizational requirements, while most of them exhibit significant deficiencies,
especially concerning the semantic dimension. The small number of Greek local government organizations that provide
open data, and these disparities (lack of homogeneity/interoperability) among them do not allow the combined exploita-
tion of open data from large numbers of local government organizations that would allow the generation of substantial
social and economic value (as the value that can be generated from the use of open data from such small numbers of local
government organizations is limited); this results in quite low incentives and motivation for the development of cohesive
and comprehensive open data ecosystems for generating social and economic value from them: the main ‘resource’ – pre-
condition required for the development of such ecosystems seems to be missing (both from a quantity and interoperability
perspective).

Recent studies support the narrative that local governments face challenges in open data provision. For instance, D.
Wang et al. (2018) conclude that in China the development of government data opening at the local level is limited and
mention that there is a lack of systematic analysis of local government OGD provision. In the same direction, a recent study
by Rajamae-Soosaar & Nikiforova (2024) reveals that OGD provision by local governments in Estonia (a highly advanced
country with respect to digital technology use) lags behind, despite the national OGD portal being well-developed, usable,
and in compliance with OGD legislation. (Afful-Dadzie & Afful-Dadzie, 2018) examine OGD at various levels—city,
municipal, county, federal state, regional, and provincial—identifying the same trends we observed in the case of the Greek
government: a lack of heterogeneity among local government OGD infrastructures within the same country concerning
the functionality and content of OGD provision infrastructures, as well as the degree of adherence to OGD web publishing
standards.

Similar are the conclusions of previous studies concerning the challenges that the OGD provision in Greece at the
national level faces, particularly from technical and semantic perspectives. Alexopoulos et al. (2013) found that approxi-
mately 54% of datasets on the national portal lack semantic web compliance. Plessas & Dionysiou (2016) conclude that
there is limited public sector information reuse due to factors such as Greece’s low OGD readiness score. They also point
out that the majority (81%) of application developers are unaware of public sector information reuse capabilities, and the
datasets on portals are often closed in terms of machine readability, typically provided in formats like DOC/DOCX, PDF,
and RAR/ZIP; this limitation negatively impacts open data interoperability, as evidenced by our TSLO framework.

However, the variety in commitment to and participation in the open data movement observed among the Greek
local administrations emphasizes the necessity of further investigating the factors that influence and shape these varied
approaches. Understanding the barriers and enablers affecting local open data initiatives is critical for enhancing broader
participation in and implementation of government data opening; this insight is essential for developing strategies that
effectively address these challenges. A small first step in this direction has been made through the interviews we con-
ducted with nine municipalities that do not provide open data, which gave some interesting insights (presented in the
previous section 7); however, further much more research is required on this.

Furthermore, the results shed light on the potential for augmenting public engagement within the open data ecosystem.
Enhancing the functionality of existing local open data portals and websites could include addressing the abovementioned
deficiencies at the technological, semantic, legal, and organizational level that were identified by our analysis (especially
the semantic ones), as well as integrating features that empower citizens to actively participate in data discovery (findabil-
ity), analysis, and feedback provision. This could involve incorporating interactive data visualizations, collaborative data
exploration platforms, and mechanisms for citizen-driven data requests.

Also, our results demonstrate the relevance of the TSLO framework for the interoperability assessment of OGD infras-
tructures in advocating the implementation of OGD policies by identifying the strengths and weaknesses of them. They
also facilitate knowledge transfer concerning the necessary capabilities and organization of OGD infrastructures, as well as
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their standardization/interoperability. However, an optimization of the TSLO framework might be required, which consists
of two stages:

i) As it includes a large number of metrics (12+ 7+ 4+ 4= 27 in total), for which we do not know their importance
for enabling the combination of OGD from different OGD infrastructures (=the main objective of the TSLO
framework), it is necessary to examine their importance (this can be done through a survey of participants in OGD
ecosystems, or even OGD sophisticated users); this will allow identifying and eliminating metrics of minimal
importance, making the TSLO framework more focused, practical and easy-to-use.

ii) As the TSLO framework has been based on the EIF, adopting its four interoperability dimensions, it might be useful
to investigate other existing interoperability frameworks, which might lead to adding some more interoperability
dimensions to it.

Furthermore, recent literature (e.g., Lnenicka et al., 2024) has revealed a trend toward the creation of domain-specific OGD
ecosystems (e.g., focused on healthcare, educational, environmental, tourism-related, etc., OGD); so, since the TSLO is
generic (i.e., not specific to some domain), it might be useful to develop domain-specific versions/adaptations of it.

Lastly, the findings of this study suggest that ongoing efforts are needed to strengthen and standardize open data prac-
tices in Greek local governments. The development of a structured evaluation framework, such as the TSLO framework,
can be a useful tool for proceeding in this direction, as it enables local government officials to assess their open data
infrastructures and identify deficiencies and areas for improvement. By evaluating the technical, semantic, legal, and orga-
nizational aspects of open data portals and websites, local government organizations can enhance the interoperability of
their open data infrastructure and foster their socially and economically beneficial utilization, through the development of
open data ecosystems for generating social and economic value from them.

9 Conclusions
Government organizations of many countries have made significant investments in order to open to society and the econ-
omy part of the data they possess, in order to promote on the one hand political/social objectives, such as openness,
transparency, and accountability, and on the other hand economic objectives, such as new economic activity, innovation,
and economic development. However, the outcomes of these government initiatives/investments with respect to both the
extent of use of the OGD and the generation of social and economic value from them have been much lower than the initial
expectations, and the above objectives have been achieved only to a limited extent. The realization of social and economic
benefits and value from OGD has turned out to be much more complicated and less straightforward than expected, and
requires the involvement and cooperation of many public, private, and non-profit actors; therefore, it is necessary such
multi-actor ecosystems are developed and efficiently function and cooperate. Despite the importance of the OGD ecosys-
tems for their utilization of OGD and generation of social and economic value from them, the research about them ‘is still
in its infancy’ (Reggi & Dawes, 2022). The present study contributes to this limited body of research on OGD ecosystems
by investigating a critical precondition for the development of OGD ecosystems that has not been examined in previous
relevant research: the existence of sufficient and interoperable OGD portals.

In this direction, we initially develop a multi-dimensional framework for assessing the interoperability of OGD infras-
tructures: the TSLO framework; it provides an elaboration and adaptation of the EIF for the OGD infrastructures (this is
in line with a first elaboration and adaptation of the EIF that has been developed by the European Commission for smart
cities and communities (European Commission, Directorate General for Informatics., Deloitte. et al., 2021)). The TSLO
framework includes four assessment dimensions (technical, semantic, legal, and organizational), which are based on the
European Interoperability Framework (EIF), and for each of them it provides several specific metrics for evaluating OGD
portals and websites.

Then we used the above framework to assess/analyze the interoperability of the OGD infrastructure across the three
local administration levels (decentralized, regional, and municipal) of Greece. The findings of this study reveal that only
a minority of Greek local government organizations have OGD portals or websites, and also that there is a lack of homo-
geneity and interoperability among them, with only a small part of them meeting the basic technological, semantic, legal,
and organizational requirements; this highlights the importance of ongoing efforts to strengthen and standardize OGD
practices in Greek local governments.

This study has interesting implications both for research and practice. With respect to research, it makes a contribution
to the still limited body of research on OGD ecosystems and examines an important precondition for their development
that has not been researched in previous literature. Also, it makes a first application/validation of it in an interesting
context, the Greek local government, which provides some first evidence about the usefulness and value of this TSLO
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framework, and some interesting insights about the opening of local government data in an interesting national context,
which has experienced two major crises in the last decade. With respect to practice, our study provides a multi-dimensional
framework for the assessment of the features/capabilities and the organization, as well as the interoperability of OGD
infrastructures; this can be useful both for the initial design of OGD infrastructures, as well as for their evaluation in
various stages of their life-cycle, and also for the development of interoperability among them, which will be of critical
importance for generating high levels of social and economic value from them, and therefore for the development of OGD
ecosystems for this purpose. Furthermore, it reveals some practice-relevant negative perceptions of some municipalities
concerning the usefulness and visibility of the data opening initiatives.

Further research is required for overcoming the limitations of our study. One limitation of the TSLO framework is
that it has been based on the four interoperability dimensions of the EIF; so, further research is required for the improve-
ment/enrichment of the TSLO framework with additional interoperability dimensions (beyond the ones of the EIF); also,
we can conduct further research for the enrichment with additional metrics of the four interoperability dimensions it cur-
rently includes.. A second limitation is that the TSLO is generic, so further research is required for the development and
evaluation of domain-specific versions/adaptations of it for important domains (e.g., healthcare, education, environment,
tourism, etc.). A third limitation is that its first application has been conducted for the local government of Greece, a
developed country that belongs to the European Union, but with a lower level of ‘digital’ development in general, and
government data opening maturity (see first paragraph of section 5) in particular, in comparison with the other European
Union countries; so further research is required concerning nd its application in other contexts: in other countries, with
different levels of digital and data opening degrees of development, as well as in central government organizations. Also,
in future applications of the TSLO framework, the metrics of its four dimensions can be assessed in more detail on a three-
or even five-level scale (instead of their binary assessment (existence/absence) of them performed in this first application
of it presented in this paper). Finally, additional research is required to identify factors that affect positively and negatively
(enablers and barriers) the opening of data by different types/layers of local government organizations.
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Meghir, C., Pissaridēs, C. A., Vayanos, D., Bettas, N., & Vettas, N. (2017). Beyond Austerity: Reforming the Greek Economy. MIT
Press.

NATIONAL ARCHIVES OF AUSTRALIA. (2022). DATA INTEROPERABILITY MATURITY MODEL DIMM. https://www.
naa.gov.au/sites/default/files/2022-10/IM-Infographic-interoperatability-maturity-model-V2-2022.PDF

Neumaier, S., Umbrich, J., & Polleres, A. (2016). Automated quality assessment of metadata across open data portals. Journal of Data
and Information Quality, 8(1), 1–29. https://doi.org/10.1145/2964909

Open Government Partnership. (2011). https://www.opengovpartnership.org/members/greece/
Papachristou, E., & Gounopoulos, E. (2023). Evaluation of data format quality of open government data portals in Southern EU

countries. 070008. https://doi.org/10.1063/5.0184421
Plessas, A., & Dionysiou, I. (2016). An investigation on the application developer attitude towards Greek open government data.

Proceedings of the 20th Pan-Hellenic Conference on Informatics, 1–4. https://doi.org/10.1145/3003733.3003738
Rajamae-Soosaar, K., & Nikiforova, A. (2024). Exploring Estonia’s open government data development as a journey towards excel-

lence: Unveiling the progress of local governments in open data provision. Proceedings of the 25th Annual International Conference
on Digital Government Research, 920–931. https://doi.org/10.1145/3657054.3657161

Recommendation of the Council on Digital Government Strategies (OECD Legal Instruments). (2024). OECD. https://legal
instruments.oecd.org/en/instruments/OECD-LEGAL-0406

Reggi, L., & Dawes, S. (2016). Open government data ecosystems: Linking transparency for innovation with transparency for participa-
tion and accountability. Lecture Notes in Computer Science (Including Subseries Lecture Notes in Artificial Intelligence and Lecture
Notes in Bioinformatics), 9820 LNCS, 74–86. https://doi.org/10.1007/978-3-319-44421-5_6

Reggi, L., & Dawes, S. S. (2022). Creating open government data ecosystems: Network relations among governments, user com-
munities, NGOs and the media. In Government information quarterly (Vol. 39, Issue 2, p. [1–12] 101675). https://doi.org/
10.1016/j.giq.2022.101675

Reggi, L., Dawes, S. S., & Gil-Garcia, J. R. (2022). The effects of open government data on the inclusiveness of governance networks:
Identifying management strategies and success factors. Information Polity, 27(4), 473–490. https://doi.org/10.3233/IP-220004

Sandoval-Almazán, R., Criado, J. I., & Ruvalcaba-Gómez, E. A. (2021). Different perceptions, different open government strategies:
The case of local Mexican public managers. In Information Polity: The International Journal of Government & Democracy in the
Information Age (Vol. 26, Issue 1, pp. 87–102). https://doi.org/10.3233/IP-180100

Sarantis, D., Liachnis, S.-G. C., & Soares, D. (2023). A comparative assessment of local government websites in Greece. Pro-
ceedings of the 2023 7th International Conference on E-Commerce, E-Business and E-Government, 58–64. https://doi.org/10.
1145/3599609.3599618

https://doi.org/10.5334/dsj-2021-012
https://doi.org/10.1145/3494193.3494230
https://policycommons.net/artifacts/2223668/transparency-policy-in-greece/2981100/
https://doi.org/10.1007/978-3-319-31157-9_14
https://doi.org/10.1108/JD-07-2016-0091
https://doi.org/10.1007/978-3-662-45071-0_26
https://lov.linkeddata.es/dataset/lov/vocabs
https://doi.org/10.1016/j.tele.2024.102190
https://doi.org/10.3233/IP-180106
https://api.semanticscholar.org/CorpusID:226596282
https://www.naa.gov.au/sites/default/files/2022-10/IM-Infographic-interoperatability-maturity-model-V2-2022.PDF
https://doi.org/10.1145/2964909
https://www.opengovpartnership.org/members/greece/
https://doi.org/10.1063/5.0184421
https://doi.org/10.1145/3003733.3003738
https://doi.org/10.1145/3657054.3657161
https://legalinstruments.oecd.org/en/instruments/OECD-LEGAL-0406
https://doi.org/10.1007/978-3-319-44421-5_6
https://doi.org/10.1016/j.giq.2022.101675
https://doi.org/10.3233/IP-220004
https://doi.org/10.3233/IP-180100
https://doi.org/10.1145/3599609.3599618


Ali et al. 25

Schaap, B., Musker, R., Parr, M., & Laperriere, A. (2019). Open data and agriculture. In The state of open data: Histories and horizons.
African Minds and International Development Research. http://stateofopendata.od4d.net

Sheffer Correa, A., & Soares Correa Da Silva, F. (2019). Laying the foundations for benchmarking open data automatically: A method
for surveying data portals from the whole web. Proceedings of the 20th Annual International Conference on Digital Government
Research, 287–296. https://doi.org/10.1145/3325112.3325257

Sieber, R. E., & Johnson, P. A. (2015). Civic open data at a crossroads: Dominant models and current challenges. In Government
information quarterly (Vol. 32, Issue 3, pp. 308–315). https://doi.org/10.1016/j.giq.2015.05.003

Sinif, L., & Bounabat, B. (2018). Approaching an optimizing open linked government data portal. Proceedings of the 2nd International
Conference on Smart Digital Environment, 135–139. https://doi.org/10.1145/3289100.3289122

Stephenson, M., Di Lorenzo, G., & Aonghusa, P. M. (2012). Open innovation portal: A collaborative platform for open
city data sharing. 2012 IEEE International Conference on Pervasive Computing and Communications Workshops, 522–524.
https://doi.org/10.1109/PerComW.2012.6197556. >

Styrin, E., Luna-Reyes, L. F., & Harrison, T. M. (2017). Open data ecosystems: An international comparison. In Transforming
government: People, process and policy (Vol. 11, Issue 1, pp. 132–156). https://doi.org/10.1108/TG-01-2017-0006

Susha, I., van den Broek, T., van Veenstra, A.-F., & Linåker, J. (2023). An ecosystem perspective on developing data col-
laboratives for addressing societal issues: The role of conveners. Government Information Quarterly, 40(1). https://doi.org/
10.1016/j.giq.2022.101763

Urbanek, S., & Schimmler, S. (2022). A translation service for open data portals. JeDEM - EJournal of EDemocracy and Open
Government, 14(2), 57–82. https://doi.org/10.29379/jedem.v14i2.733

Van Loenen, B., Zuiderwijk, A., Vancau-Wenberghe, G., Lopez-Pellicer, F. J., Mulder, I., Alexopoulos, C., Magnussen, R., Saddiqa,
M., Dulong De Rosnay, M., Crompvoets, J., Polini, A., Re, B., & Flores, C. C. (2021). Towards value-creating and sustainable open
data ecosystems: A comparative case study and a research agenda. eJournal of EDemocracy and Open Government, 13(2), 1–27.
https://doi.org/10.29379/jedem.v13i2.644

Vostrovský, V., & Rysová, H. (2014). Potential of open data in the community-led rural development. Proceedings of the Conference
Agrarian Perspectives XXIII.

W3 organization. (2006). Linked Data. https://www.w3.org/DesignIssues/LinkedData.html
Wang, D., Chen, C., & Richards, D. (2018). A prioritization-based analysis of local open government data portals: A case study

of Chinese province-level governments. In Government information quarterly (Vol. 35, Issue 4, pp. 644–656). https://doi.org/
10.1016/j.giq.2018.10.006

Wang, F., Zhu, H., & Wu, Y. (2021). Quality, reuse and governance of open data. Proceedings of the Association for Information Science
and Technology, 58(1), 659–662. https://doi.org/10.1002/pra2.522

Wilke, A., Bannoura, A., & Ngomo, A.-C. N. (2021). Relicensing combined datasets. 2021 IEEE 15th International Conference on
Semantic Computing (ICSC), 241–247. https://doi.org/10.1109/ICSC50631.2021.00050

Yunita, A., Santoso, H. B., & Hasibuan, Z. A. (2022). ‘Everything is data’: Towards one big data ecosystem using multiple sources of
data on higher education in Indonesia. Journal of Big Data, 9(1), 91. https://doi.org/10.1186/s40537-022-00639-7

Zuiderwijk, A., & Janssen, M. (2014). Open data policies, their implementation and impact: A framework for comparison. In
Government information quarterly (Vol. 31, Issue 1, pp. 17–29). https://doi.org/10.1016/j.giq.2013.04.003

Zuiderwijk, A., Janssen, M., & Davis, C. (2014). Innovation with open data: Essential elements of open data ecosystems. Information
Polity, 19(1–2), 17–33. https://doi.org/10.3233/IP-140329

Author Biographies
Mohsan Ali is a researcher at the University of the Aegean. He was awarded the Marie-Curie Scholarship in 2021 for
his work in the field of Open Data Ecosystem (ODECO), which enabled him to pursue his PhD at the same university in
Greece. Currently, he focuses on the technical interoperability of open data within the Information Systems Laboratory, a
project funded by ODECO. His expertise spans open data, data interoperability, data science, natural language processing,
and artificial intelligence. Furthermore, Ali has specialized in deep learning, a skill he developed through Coursera. He
earned his Master’s degree in Computer Science (MSCS) with distinction, being a Gold Medallist, from Air University in
Islamabad, Pakistan.

Georgios Papageorgiou is an open data early-stage researcher at FAROSNET in Greece, is currently pursuing a PhD in
information systems at the Aegean University. His research focuses on how journalists can use open data to drive data-
driven journalism. He has previously developed case studies and published them at open data and digital government
conferences. He is also investigating how the quality of open data can improve journalism’s caliber. His intention is to
improve the use of publicly available data for modern journalism and data-driven journalism, as well as make the open
data ecosystem more inclusive, circular, and user-driven.

http://stateofopendata.od4d.net
https://doi.org/10.1145/3325112.3325257
https://doi.org/10.1016/j.giq.2015.05.003
https://doi.org/10.1145/3289100.3289122
https://doi.org/10.1109/PerComW.2012.6197556.
https://doi.org/10.1108/TG-01-2017-0006
https://doi.org/10.1016/j.giq.2022.101763
https://doi.org/10.29379/jedem.v14i2.733
https://doi.org/10.29379/jedem.v13i2.644
https://www.w3.org/DesignIssues/LinkedData.html
https://doi.org/10.1016/j.giq.2018.10.006
https://doi.org/10.1002/pra2.522
https://doi.org/10.1109/ICSC50631.2021.00050
https://doi.org/10.1186/s40537-022-00639-7
https://doi.org/10.1016/j.giq.2013.04.003


26 Information Polity 0(0)

Abdul Aziz received the bachelor’s degree in computer science from the COMSATS Institute of Information Technology,
Lahore, Pakistan, in 2013, and the master’s degree in computer science from the National University of Computer and
Emerging Sciences, Karachi, Pakistan, in 2018. He is currently working towards the Ph.D. degree in Computer Science
at the University of Zaragoza, within the Advanced Information Systems Laboratory (IAAA) of the Aragon Institute of
Engineering Research (I3A). He is an Early-Stage Researcher (ESR 08, “Technical aspects for inclusiveness across user
domains in data portals”) for the ODECO project, a Horizon 2020 Marie Sklodowska-Curie Innovative Training Network
(H2020-MSCA-ITN-2020). His research interests include open data, information retrieval and data portal domains.

Euripidis Loukis is an Associate Professor of Information Systems & Decision Support Systems at the Department of
Information & Communication Systems Engineering, University of the Aegean. Previously he has taught at the Postgrad-
uate Program ‘Athens MBA’ of the National Technical University of Athens and the Athens University of Economics and
Business, and at the University of Thessaly, in the area of information systems, and at the postgraduate program of the
National Academy of Public Administration, in the area of e-Government. He has extensive research activity in the areas
of e-government, e-participation, ICT-induced structural changes of firms and decision support systems.

Yannis Charalabidis is a Full Professor of Digital Governance at the Department of Information and Communication
Systems Engineering, University of the Aegean, based in Samos, Greece. He is the founding director of the Digital Gov-
ernance Research Centre, coordinating policy-making, research, and application projects for governments and enterprises
worldwide.

Francisco Javier López Pellicer holds MS and PhD degrees in Computer Engineering from the University of Zaragoza. In
2004 he started his research at the Advanced Information Systems Group (IAAA) of the University of Zaragoza. Currently,
he is an Associate Professor at that University. His research interests focus on Open Data Infrastructures, Service-based
Geographic Information Systems, and various Information Systems. Over the past 10 years, his professional career has
been linked to Open Data initiatives and Spatial Data Infrastructures. Within this context, he has co-authored numerous
publications in books, journals or conference proceedings; and has collaborated in several R+D projects.

Charalampos Alexopoulos is a senior researcher and assistant professor of Open Data Management at the Depart-
ment of Information and Communications Systems Engineering at the University of the Aegean, teaching Smart Cities
Technologies, Big, Open and Linked Data Management, Interoperability and Digital Governance.

Appendix

Table A1. Metrics of the Four Dimensions of the TSLO and Rationale and Literature Support of Them.

Dimensions Metrics The Rationale Behind the Selection of the Metrics Literature Support

Technical Performance and
Scalability

Assure the availability of proper support for the growing
number of datasets (both in volume and variety, etc.).
The portal should be properly scalable for future volume
loads without hurting the performance.

(Baker & Moon, 1999)

Integration with
External Systems

Due to complex IT infrastructure in diverse environments,
integration and compatibility with external systems are
important metrics. It also plays a role in the
interoperability of the open data. It can improve the
usability of datasets in applications and services.

(Assaf et al., 2015;
Inkinen et al., 2019;
Sinif & Bounabat,
2018)

Multi-language Support The availability of multi-language support increases the
inclusiveness of diverse stakeholders in the open data
ecosystem. The European open data portal also
supports multi-language support in metadata provision.

(Frosterus et al., 2011;
Urbanek &
Schimmler, 2022)

Data Update
Frequency

Important metric to check the time-sensitive data and
important to rely on up-to-date data while developing
application

(Correa et al., 2018;
Neumaier et al.,
2016)

(continued)
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Table A1. Continued.

Dimensions Metrics The Rationale Behind the Selection of the Metrics Literature Support

Data Update
Frequency

Important metric to check the time-sensitive data and
important to rely on up-to-date data while developing
application

(Correa et al., 2018;
Neumaier et al.,
2016)

Data Visualization
Tools

With the development of the internet and other integrated
data visualization tools, onsite data visualization is also
an important factor to have a first insight into the data.
This metric can enhance the interpretability of the open
data (complex data) to diverse open data stakeholders
(technical or non-technical).

(Artigas & Ae Chun,
2013; Sinif &
Bounabat, 2018)

Data Filtering and
Search

Equally important for the open data interoperability and
user ease to find relevant data in an efficient manner.
Many open data portals facilitate the filters and other
options to make datasets more findable.

(Assaf et al., 2015;
Sheffer Correa &
Soares Correa Da
Silva, 2019)

Data Metadata Important metrics for both automatic crawling or scraping
of the data to make an interoperable open data
ecosystem and also provide the open data user with
information to understand the dataset context (title,
description, source, and date of publication, etc.)

(Assaf et al., 2015;
National Archives of
Australia, 2022;
Stephenson et al.,
2012)

Underlying OD CMS
(CKAN, DKAN,
Socrata, Custom,
etc.)

This metric helps in understanding the efforts required to
make an open data interoperable portal. For instance,
different content management systems in open data
portals are interoperable within the same type; however,
it’s difficult to make them cross CMS interoperable
(CKAN is interoperable more with other CKAN
portals, however a bit difficult with Socrata and vice
versa).

(Ali et al., 2022a;
Correa et al., 2018)

Data Access Methods
(Direct Download)

Ensures end-users of the open data can easily access the
dataset and can download for offline use or exploration
of the dataset.

(Ali et al., 2022a;
Degbelo et al.,
2016)

API Availability Streamlines data retrieval through programming, which in
turn enables the automation of workflows, the creation
of bespoke applications, and the integration of various
software applications. Developers and experienced users
are very efficient in using datasets accessible through
APIs.

(Degbelo et al., 2016;
Sheffer Correa &
Soares Correa Da
Silva, 2019)

Data Formats
Supported

The choice of formats affects interoperability since it
determines the ease of data integration and compatibility
with different tools and systems. Different open data
portals allow/use various data formats, such as CSV,
JSON, XML, etc.

(Chokki et al., 2022;
Degbelo & Sherpa,
2020; W3
organization, 2006)

Thematic
Categorization

Aids in the categorization of data into meaningful sets,
which facilitates the discovery and comprehension of
data pertinent to users’ interests or requirements. It can
also help to tag the datasets according to their usage
(e.g., data for machine learning).

(data.europa.eu, 2023;
Frtunic Gligorijevic
et al., 2021)

Semantic Alignment with Open
Data Standards

Important for inter- and intra-portal interoperability and
standards can help in across-portal understanding and
usage of open data.

(Assaf et al., 2015)

Versioning and
Evolution of Data

Keeps track of updates and modifications to datasets,
makes past versions available to users, and checks for
data consistency. A good metric to create and manage
the dataset distributions.

(Klump et al., 2021)

Data Interlinking Facilitates more thorough analysis and insights by
enhancing data richness and usability through the linking
of relevant datasets. The data interlinking can be
enhanced by providing more interoperable datasets in
the open data portals.

(Assaf et al., 2015;
Declerck & Olsen,
2023; Sinif &
Bounabat, 2018)

(continued)
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Table A1. Continued.

Dimensions Metrics The Rationale Behind the Selection of the Metrics Literature Support

Metadata Enrichment By including thorough and illustrative metadata, data
discovery and usability are enhanced.

(Chokki et al., 2022;
Stephenson et al.,
2012)

RDF Data
Representation

Employs the Resource Description Framework (RDF) to
improve data interoperability by structuring it in a
machine-readable and easily linkable way.

(Aloufi, 2016; W3
organization, 2006)

Linked Data Principles Adheres to standards that create more robust data
ecosystems by making data accessible and usable across
various systems and settings.

(Declerck & Olsen,
2023; Frosterus
et al., 2011; Sinif &
Bounabat, 2018; W3
organization, 2006)

Use of Standard
Vocabularies and
Ontologies

By describing data using identical vocabularies and
ontologies, it guarantees semantic consistency and
interoperability.

(Assaf et al., 2015;
Linked Open
Vocabularies (LOV),
n.d.)

Legal Open Data Licensing Promotes openness and reuse by outlining the legal
parameters for data use, sharing, and modification.

(De Robbio, 2011;
Fitzgerald et al.,
2013; Wilke et al.,
2021)

License Compatibility By ensuring that datasets can be integrated and utilized
together without causing any legal problems, this feature
supports the integration and application of data in a
wider context.

Data Usage Rights In order to ensure compliance with legal and ethical
norms, this metric clarifies the rights that users have in
accessing and utilizing the data.

Attribution
Requirements

The way in which users should give acknowledgement (or
credit) to the data source is specified, with the goal of
fostering recognition and responsible data use.

Organizational Data Governance
Structure

It is responsible for establishing the policies, methods, and
responsibilities for managing data assets, as well as
guaranteeing the quality and consistency of the data.

(Habibie et al., 2023; F.
Wang et al., 2021)

Data Release Policy In order to guarantee both transparency and accountability,
this metric assesses the criteria and procedure for
making data available to the public.

(Chatfield & Reddick,
2018; Habibie et al.,
2023)

Data Publishing
Workflow

Outlines the actions and duties involved in the process of
publishing data, with the goal of ensuring that the data is
correct and managed in the appropriate manner. Diverse
data publishing workflows exist in the open data realm.

(Chatfield & Reddick,
2018; Habibie et al.,
2023)

Data Quality
Assurance

Through the use of rigorous quality checks and validation
procedures, it guarantees that the data, if it is present, is
accurate, comprehensive, and trustworthy.

(Habibie et al., 2023; F.
Wang et al., 2021)
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