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Abstract: This research aims to assess available spatial open data related to access to hospitals in the
three largest Croatian cities (Zagreb, Split, Rijeka), with a future aim to create digital services as an
ecosystem that will be used in everyday situations, as part of the concept of “digital society”. Data
analysis is performed for the following datasets: hospitals, hospital specialization, public transport
(tram, bus), bike routes, car routes, parking and parking for people with disabilities. The future
aim is to create a new mobile, multilingual and voice-based application that would enable quick
access to information on hospital access, relying on the principles of the open data ecosystem, which
would improve over time. There are four specific aims: (1) to identify and analyze portals and open
datasets of the selected categories for the three largest Croatian cities; (2) to analyze existing open data
assessment frameworks and detect gaps; (3) to create a conceptual open data assessment framework
as an open data ecosystem that integrates new end-user perspectives; and (4) to analyze existing open
datasets for the three largest cities in Croatia, based on supply and demand by researcher/developer
categories, using the newly developed framework. The results show that existing open datasets
related to hospital access in the three largest Croatian cities are scattered across different portals.
Analyzed frameworks existing on the supply side of open data are more focused on the status of the
components, lacking evaluation scales and not including end-user-driven aspects, which would be
crucial for the open data ecosystem. As a result, the new “Hospital Access Framework” is created as
a conceptual ecosystem, including five categories: supply, demand by researcher/developer, demand
by end-user, legal aspect and impact. Analysis of existing open data for the three Croatian cities
is performed for two categories (supply and demand by researcher/developer), for which KPIs,
indicators and evaluation scales are developed. The other three categories are not analyzed, since the
application cannot be developed from existing data, which are insufficient for the creation of a smart
application. Results show that existing open data related to hospital access are incomplete or do
not exist at all (hospital specialization, parking for people with disabilities, data on multilingualism
and voice enabling). Average scores of the supply category are higher than those for demand by
researcher/developer, although they are below the average grade, showing a lack of available data
that could be used for further development. The new conceptual “Hospital Access Framework”
open data ecosystem would benefit from end-user interaction, therefore, improving over time with
end-users through interaction.
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1. Introduction
Spatial data infrastructures (SDIs) are fundamental for resolving a vast number of
societal issues [1,2]. Increasingly, SDIs build on open data [3]. Open data represent a
major resource for the creation of digital services. Open data represent sources that can be
integrated into innovative digital solutions [4] and provided at a national level, satisfying
principles of maturity [5,6]. The identification and assessment of open data is the first step
in data acquisition, followed by processing and assessment, in order to prepare data for
future use.
The main aim of this paper is to assess the open data related to hospital access in the
three largest Croatian cities (Zagreb, Split, Rijeka), which are the main hospital centers
in the country and where information is needed by domestic and tourist populations.
Data analysis is performed for the following datasets: hospitals, hospital specialization,
public transport (tram, bus), bike routes, car routes, parking and parking for people with
disabilities.
The future aim is to create a new mobile, multilingual and voice-based application that
would enable quick access to information on the selected type of hospital access (hospital
address and hospital specialization), type of public transport (tram, bus, bike routes, car
routes) and available parking (regular parking and parking for people with disabilities).
The application would be created to be multilingual and voice-enabled, in order to be used
by domestic populations and by tourists, as well as by persons who need voice guidance.
The application would improve over time, through interaction with end-users, by adding
new data and by the verification of existing data. This application, based on existing open
datasets, would be designed as an open data ecosystem, which would improve through
feedback interaction with end-users.
The paper offers a larger perspective related to the assessment methods of open data
through different types and aspects of data assessment. In addition to the supply side, the
development side is differentiated into two categories, demand by researcher/developer
and demand by end-user, which are considered relevant in data assessment. In the new
proposed framework, the concept of the end-user is introduced, relevant for the assessment
of data, which would, in a cyclic manner, improve over time.
This research aims to assess the available open data related to access to hospitals in
the three largest Croatian cities, which are most importantly hospital centers, with a future
aim to create digital services as an ecosystem that will be used in everyday situations as
part of the concept of “digital society”.
There are four specific aims:
(1) To identify and analyze portals and open datasets of selected categories for the
three largest Croatian cities;
(2) To analyze existing open data assessment frameworks and detect gaps;
(3) To create a conceptual open data assessment framework as an open data ecosystem
that integrates the new end-user perspective;
(4) To analyze existing open datasets for the three largest cities in Croatia, based on
the supply and demand by researcher/developer categories, using the newly developed
framework.
Digital services, being part of the digital transformation process, aim to improve the
user experience, make communication easier, reduce costs, improve efficiency, augment
transparency or reduce time to market. Digital services are increasingly used today by a
broad population and represent a means for the electronic delivery of information. Such
services use data and content across web or mobile platforms, enabling 24/7 information
delivery or interactive communication, depending on the level of integration. The EU
encourages the development of online platforms, which are drivers of innovation, treat
users fairly and enable equal access and consumer choice, among other benefits. In this
context, the European Commission proposed the Digital Services Package [7], aiming to
protect users through innovative actions within the digital economy and to regulate the
digital space, including online platforms, such as social media platforms, online market-
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places, search engines, app stores and payment systems. Information in digital services
needs to be presented in an clear and user-friendly way, in order to make interaction simple.
Information services are used to enhance services, communication and administration;
to improve communication with citizens and among interest groups or businesses; and
to reduce the digital divide [8]. In particular, demand-driven applications designed to
provide answers to societal issues are an essential part of the move towards smart cities
and a smart society.
Due to pandemics and health issues, digital transformation and the development of
services for health purposes have gained significant interest. This process requires the
involvement of all relevant stakeholders (governments, policymakers, ICT sector, citizens,
data providers, business sector, education sector, etc.). Digital services, developed as part
of an open data ecosystem with feedback from end-users, would improve over time and
enable the creation of new added value.
The selection of portals and open data is performed on spatial data related to hospital
location and specialization, public transport (bus, tram), bike routes, car routes and parking
(regular and for people with disabilities), for the three largest cities in Croatia (Zagreb, Split,
Rijeka), which are also the largest hospital centers in the country. To our knowledge, existing
research includes information searches on Croatian hospital websites [9–11], but there is
no research related to the assessment of datasets providing insights into the accessibility
of public hospitals. To our knowledge, there are no specific applications providing the
entirety of the envisioned functionalities (e.g., including parking, parking for people with
disabilities, bike routes and hospital location and specialization).
The assessment of the performance of open data ecosystems has gained significant
interest among researchers worldwide [6,12–16]. These existing assessment methods focus
on the status of the components of an ecosystem (‘is there an open data policy?’, ‘do the
data comply with open standards?’, ‘are they available free of charge?’, etc.). In this way,
the different frameworks provide insights into the openness of certain datasets, and/or the
governance of the open data system, often using indicators to rank the supply of open data
of individual countries or organizations. Analyzed frameworks that exist on the supply
side of open data are more focused on the status of the components, lacking evaluation
scales and not including end-user-driven aspects, which would be crucial for the open data
ecosystem. As a result, the new “Hospital Access Framework” is created as a conceptual
ecosystem, including five categories, among which is the category demand by the end-user.
By applying an end-user-driven approach, this article fills this gap in the assessment of the
cyclic ecosystem, taking into account the end-user for application evaluation.
In the research, we used the basic indicators for assessing the performance of an open
data ecosystem and complemented them with the result of the assessment of hospital
accessibility. The results will provide insights into how the open data ecosystem can
answer a simple question related to hospital specialization and hospital access information.
However, in order to create a digital service, e.g., a smart application developed as an
ecosystem, existing open data are to be identified, analyzed and evaluated, in order to
estimate their quality for future smart application development.
The organization of the paper consists of the following. Section 2 presents related
work assessing open data ecosystems. Section 3 gives the research methodology for
the development of the new framework. Section 4 gives the results of the framework
implementation. The conceptual “Hospital Access Framework” consists of five categories:
supply, demand by researcher/developer, demand by end-user, legal aspect and impact. For
each category, several KPIs are developed using SMART criteria, together with evaluation
scales. The first two categories (supply, demand by researcher/developer) are used for
the evaluation of open datasets for the three largest Croatian cities, while the other three
categories are conceptually developed for the evaluation of the future smart application.
This framework includes the category demand by end-user in order to enable the evaluation
of the ecosystem, which would improve through interaction and over time. In Section 5,
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results are discussed, and in Section 6, conclusions are provided and recommendations for
further research given.
2. Related Work: Assessing Open Data Ecosystems
This section explains the open data ecosystem approach in Section 2.1 and summarizes
several of the main frameworks on open data assessment in Section 2.2.
2.1. Ecosystem Approach to Open Data
The open data ecosystem is a metaphor used for the interdependencies of entities in
an open data environment [17], denoting the environment’s continuous development as
a result of user adoption, feedback loops and interactions [18]. Although an open data
ecosystem emphasizes open participation, its development is currently more influenced by
the changes coming from the supply side (e.g., personal data regulation), in contrast to the
actual (re)users (e.g., citizens), who are mostly adapting to these changes. An ecosystem,
being a sociotechnical upgrade to (open) spatial data infrastructures (SDI) with the main
objective of ensuring effective data sharing among interested stakeholders and supporting
data reuse, comprises the same components as an SDI (Figure 1): users, data, material
infrastructure and institutions [19]. Users in the SDI can be anyone, from governments to
private companies, citizens and developers. Depending on who they are, they use open
data for different purposes. When looking at questions, such as “Where is the nearest
hospital?”, “What is the hospital’s specialization?”, “How can I get there?” or “Is there
parking for people with disabilities persons?”, developers tend to be relevant user groups
as they have the knowledge and skills to extract and process information from open data
and to provide answers. However, to do so, relevant data must be available. Users, on
one side, and open data, on the other side, are fundamental in this environment but
cannot compose an ecosystem alone. Since the idea of an (open) SDI is to facilitate and
coordinate the exchange and sharing of (open) spatial data in data communities [20], data
flow among stakeholders, mostly classified as users and providers, highlights the necessity
for defining rules for data sharing. These rules support data reuse and can be categorized
as access networks, policies and standards, and they affect both nontechnical (e.g., data
licenses) and technical aspects of the ecosystem (e.g., formats). Access networks understand
data access mechanisms, such as portals, through which data are made available for use.
Usually, portals are places where users meet providers utilizing provided data, and for,
e.g., developers, they present valuable data sources. Policies and policymakers define the
principles under which data are made available to anyone interested. In addition, policies
ensure the long-term transparency of government data [21], and thereby public access
to open data [18]. Standards, on the other hand, ensure interoperability by providing a
common understanding of what should be described and how [22]. The dynamic nature of
all these aspects, due to constant technological developments, reflects the entire ecosystem,
making it a cyclical, sustainable and demand-driven environment in creating added value
from open data [23]. For instance, rapid technological developments need to be followed
by policy improvements, which again affects data, data providers and finally end-users.
Therefore, the open data ecosystem should be seen as a living and constantly changing
network of interaction between data, users and technology [24].
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Figure 1. Open data assessment frameworks mapped on the components of an open data ecosystem
Figure 1. Open data assessment frameworks mapped on the components of an open data ecosys[12].
tem [12].
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is a concepSweden as the leader. On average, innovation performance has risen by 12.5% since 2014.
tual framework aiming to benchmark the innovation performance in the EU of the public
The measurement framework includes four main types of activities—framework conditions,
sector, with Sweden as the leader. On average, innovation performance has risen by 12.5%
investments, innovation activities and impacts—and has 12 innovation dimensions for a
since 2014. The measurement framework includes four main types of activities—frametotal of 32 indicators. Framework conditions include human resources, attractive research
work conditions, investments, innovation activities and impacts—and has 12 innovation
systems and digitalization. Investments include finance and support, firm investments and
dimensions for a total of 32 indicators. Framework conditions include human resources,
use of information technologies. Innovation activities include innovators, linkages and
attractive research systems and digitalization. Investments include finance and support,
intellectual assets. Impacts include employment impact, sales impact and environmental
firm investments and use of information technologies. Innovation activities include innosustainability.
vators, linkages and intellectual assets. Impacts include employment impact, sales impact
and environmental sustainability.
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On the other side, the Open Data Institute’s (ODI) Maturity Framework is an organizationoriented assessment helping organizations to measure how well they publish and use open
data [13]. This model is based around five topics (data management, knowledge and
skills, customer support and engagement, investment and financial performance, strategic
oversight) and five progress levels (1—initial, 2—repeatable, 3—defined, 4—managed,
5—optimizing).
The Tagging Framework, developed for the Open Government Partnership (OGP),
aims to measure the levels of action plans covering both supply and demand for open
data [14]. OGP is based on the idea that an open data government can improve peoples’
lives by creating action plans related to information access, civic participation, public
authority, technology and innovation for transparency and accountability, etc.
The Open Data Barometer framework [15] assesses open data using a methodology
of open data readiness (including legal, economic, political, social, organizational and
technical foundations that enable the supply and use of open data), implementation (open
data practice measured through 15 categories) and impact (through media and academic
mentioning of data use and data impact).
The Capgemini Open Data Maturity methodology [6] enables countries to better
understand the level of maturity of open data, to identify areas of improvement and to
enable benchmarking with other countries. In this framework, open data maturity is based
on the following dimensions: open data policy and strategies, open data impact (political,
social, environmental and economic), open data portals (accessibility of data, machine
readability, spread of data across domains) and quality (mechanisms to ensure quality of
metadata). According to [6], the average open data maturity for the 27 European countries
increased to 81%, across the four dimensions: policy (87%), impact (78%), portal (83%),
quality (77%). According to [6], among the four categories of clustering results for EU27
countries (trend-setters, fast-trackers, followers and beginners), Croatia belongs to the
category of followers.
When counting number of visitors to portals, the highest is France, with around
1 million visitors, while Croatia is ranked in sixth place. The most popular categories
of datasets are Health and the Environment, followed by Population and Society, and
Government and Public Sector.
Although these frameworks provide valuable insights into the status of open data,
they are missing the end-user’s perspective. One of the purposes of open data is to solve
societal problems, which means that citizens should be able to use the data for different
everyday life purposes [32]. Sometimes, even if data score high on openness according to
some assessment frameworks, they may not necessarily be usable for specific purposes.
In addition, existing frameworks are used to evaluate static published data and do not
include an end-user interaction component. In this case, the end-user of the future smart
application could assess whether it is developed on various smart devices, usage costs,
usefulness, multilingualism, voice guidance, feedback and communication. By introducing
this dynamic end-user perspective, the smart application would improve over time, through
evaluation or by adding new data.
A user-driven approach, therefore, proves current assessment frameworks insufficient
as it shows the limitations of, among others, data access and availability. These limitations,
in the absence of a user perspective, may not even be noticed. A user-driven approach
turns the assessment upside down by stating a problem and assessing how well existing
open data can provide an answer. In this way, by introducing demand-driven assessment
criteria for the evaluation of the dataset, we may provide valuable information relevant
for developer stakeholder groups. In addition, problem-driven assessment reflects on data
characteristics that, in other cases, perhaps would not be considered (e.g., are the data
relevant?) but are important in data reuse. Even if the approach of a user-driven framework
is different, some assessment principles remain the same. For example, user perspective
assessment also reflects on data quality (e.g., completeness) and other characteristics that
are and should form part of the open data perspective.
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For each KPI, a description is provided in order to facilitate the assessment. We used a
5-point Likert scale that provides a numerical value for answering the questions (see scale
column in Table 1).
Table 1. Developed assessment framework to assess the accessibility of hospitals in Croatia.
Domains

Key Performance
Indicators (KPIs)

Completeness

Timeliness

Supply side of
evaluation
Open data
cross-domain quality

Description

Scale

Can the data be found?

1—No, 5—Yes

Are these data available
online in a data portal?

1—No, 5—Yes

Are these data complete for
our purpose?

1—No, 3—Partially, 5—Yes

Do datasets have metadata in
line with the commonly
accepted standards? (OGC,
DCAT, etc.)

1—No, 3—Partially, 5—Yes

Are the metadata complete (at
least mandatory fields are
provided)?

1—No, 3—Partially, 5—Yes

Identifiable details on how the
data were collected?

1—No, 3—Unknown, 5—Yes

Are the data up to date?

1—No, 3—Partially (dynamic data are
lagging), 5—Yes

Is it possible to access the data
in electronic form (e.g., on the
web)?

1—No, 5—Yes

Can data be filtered and
downloaded through
API—application
programming interface?

1—No, 3—Partially, 5—Yes.Answer yes if
it is possible to access individual records;
answer partially if it is possible to export
only extracts of the particular data;
answer no if there are only bulk
downloads or APIs providing access to
the whole dataset

Can data be fully downloaded
through API?

1—No, 3—Partially, 5—Yes.Answer no if
it is only possible to access individual
records; answer partially if it is possible
to export extracts of the data; answer yes
if there are bulk downloads or APIs
providing access to the whole dataset

There are accessible and open
official tools available to help
users locate and explore
individual records.

1—No, 3—Partially, 5—Yes.Answer
‘partially’ if tools make it possible to
access extracts of data without having to
download a full dataset. Answer ‘yes’ if
there is an interactive tool that displays
user-filtered extracts of the data to
answer simple questions without
downloading data at all.

Data are provided in open
machine-processable
format(s).

1—No, 3—Partially, 5—Yes.Type of
machine-processable format(s): XML,
RSS feed, CSV, RDF, JSON, TXT, XLS(S),
KML

Ease of Physical and
Electronic Access

Machine processability
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Table 1. Cont.
Domains

Key Performance
Indicators (KPIs)

Description

Scale

Is registration or membership
required for accessing the
data?

1—Yes (a registration is required only for
member users), 2—Yes (no memberships
are required), 3—Yes (one can register
with any credentials), 5—No

Is the dataset available free of
charge?

1—No, 5—Yes

Are data multilingual?

1—No (only native), 3—Native and 1
more lang. 5—3 or more languages

Is there an option for voice
guidance?

1—No, 5—Yes

Are data provided in multiple
appropriate formats?

1—No, 5—Yes

Use of Commonly
Owned or Open
Standards

Are the data available in a
format that supports
visualization?

1—No, 5—Yes

Licensing

Is the dataset licensed with an
open license?

1—No, 5—Yes

Are data available online via
the national open data
catalogue service
open.data.gov?

1—No, 5—Yes

Are data available online in
other data portals?

1—No, 5—Yes

Timeliness

Are the data up to date
according to our purpose?

1—No, 3—Partially (update frequency
does not fit our purpose), 5—Yes

Machine processability

Data provided in a
machine-processable format(s)
fit for our purpose.

1—No, 3—Partially (yes, but not fitting
our purpose), 5—Yes

Licensing

Does the license allow for
usage fitting our purpose?

1—No, there is no license available,
3—Some limitations, 5—Yes

What are feedback options for
developers to communicate
with the provider?

1— No opportunities, 2—Contact
information exists (email, telephone
number) exists 3—Yes, we receive a
generic email, 4—Yes, asynchronous
communication (forum exists), 5—Yes,
synchronous interactive communication

Can data be filtered and
downloaded through
API—application
programming interface?

1—No, 3—Partially, 5—Yes.Answer yes if
it is possible to access individual records;
answer partially if it is possible to export
only extracts of the particular data;
answer no if there are only bulk
downloads or APIs providing access to
the whole dataset

Can data be fully downloaded
through API?

1—No, 3—Partially, 5—Yes.Answer no if
it is only possible to access individual
records; answer partially if it is possible
to export extracts of the data; answer yes
if there are bulk downloads or APIs
providing access to the whole dataset

Non-discrimination

Permanence

Demand side of
evaluation
Developer/
researcher

Feedback

Ease of Physical and
Electronic Access
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Three other categories of the new framework will be evaluated with the development
of the future application and include the following criteria:

•

•
•

Demand by end-user—development as web and mobile application, stated pricing
policy, multilingualism, voice-enabled options, usefulness, user engagement, i.e.,
interaction with app developer, possibility to add data, possibility to confirm data;
Legal aspect—practice and reuse of data, license for distribution, funding by government, promotion of digital service in society;
Impact side—employment of data scientists, user engagement, relevance of app for the specific sector, number of downloads, partnership (private–government, private–academic,
private–city government), membership of company in professional organizations, positive
balance sheet of the company, company website, multilingualism of website.

4. Application of the New Assessment Framework
In this section, we provide the results of the assessment of the open data ecosystem for
the largest Croatian cities, Zagreb, Rijeka and Split, which are the main hospital centers. In
Section 4.1, we justify the selections made, and in Section 4.2, we describe our findings for
each of the cities. In Section 4.3, we evaluate our findings. Each category in our assessment
framework is assessed by the openness of available open data deemed necessary to answer
our main research question. These are open data on (1) hospitals, (2) hospital specialization,
(3) public transport, (4) bike routes, (5) car routes, (6) parking and (7) parking for people
with disabilities.
4.1. A New User-Driven Assessment Framework for Open Data
The focus of the research is to detect publicly available datasets in order to assess the
access to hospitals in the three largest Croatian cities (Zagreb, Rijeka, Split). The research is
based on existing open data, found on web portals, containing information on hospitals,
hospital specialization and hospital parking for people with disabilities, on public transport
and stations (bus lines, tramways, bicycle routes), roads and car parking. The first set of
data, ‘hospitals’, belongs to the set of data that also includes the final destination of the
user, i.e., the location of the hospital where the requested service will be provided. The
other datasets describe how the user should reach a particular hospital while providing an
alternative mode of travel depending on the desired mode of traffic from the origin to the
final destination. Table 2 provides an overview of the available infrastructure to answer the
research question, which is related to the KPIs presented in Table 1.
Table 2. Overview of the available infrastructure to answer the research question.
City

Zagreb

Split

Rijeka

777,183

151,790

109,775

Urban 1
agglomeration

1,086,528

325,407

188,797

Hospitals 2

Total: 217
Primary level: 190
Secondary level: 13
Tertiary level: 14

Total: 25
Primary level: 20
Secondary level: 3
Tertiary level: 2

Total: 7
Primary level: 3
Secondary level:3
Tertiary level: 1

Public
Transport

Railway: 29 lines
Tram: 17 lines for day and 4 lines for night
Bus: 177 day lines and 4 night bus lines

Railway: one line
Bus: 20 day and 3 night city
lines, and 30 intercity bus lines

Bus: 19 city lines and 33
intercity bus lines

Data portals

Zagreb Open Data Portal [34]
ZG Geoportal [35]
Zagrebački električni tramvaj [36]

Split Spatial Data Portal [37]
Promet d. o.o. Split [38]

Rijeka Open Data Portal [39]
Rijeka Promet d.d. [40]
BikeRijeka Portal [41]

Population
(City)

1

1

Data on the population were taken from the Central Bureau of Statistics of the Republic of Croatia and refer to
the census conducted in 2021 [42]. 2 Data on healthcare institutions were taken from the official website of the
Croatian Health Insurance Institute [43].
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4.2. Data Portals
In Zagreb’s Open Data Portal, data on bicycle paths can be downloaded in XLSX or
CSV format. The dataset contains information about the length of the path for each street
in Zagreb, with the coordinates of the midpoint of the line that they show. There is no
information on the coordinate system in which data are provided. The portal also has CSV
and XLS files that contain the address data of hospitals, with the longitude and latitude of
facilities in the WGS84 coordinate system, as well as the basic contact information and web
addresses of hospitals. However, there is no specific information on hospital specialization
or parking for people with disabilities. Within the ZG Geoportal, data on public garages,
railways, bus and tram stations, bicycle paths, taxi stands, bicycle garages, gas stations
and electric charging stations can be viewed, but not downloaded. The data on bicycle
paths on this and the previously described portal do not match. ZG Geoportal provides
information on a greater number of paths and covers a larger area of the city. ZG Geoportal
also provides access to the following health datasets: Croatian Health Insurance Fund,
Health Centres, Emergency, Pharmacies, Duty Pharmacies and Hospitals. In addition to
viewing, data can be downloaded as georeferenced map images (in any standard image
format, such as PNG, GIF, JPEG) via the WMS service. The WMS layer of interest is the
General Urban Plan for Sesvete and Zagreb, and it allows the viewing of road networks.
Although data on hospitals and transportation networks exist, most of these data can only
be viewed (not downloaded). Information on hospitals can be found and downloaded
but is not up to date. For example, information on hospitals showing the list of facilities
with addresses and coordinates was last updated in May 2016. The Public City Transport
ZET site in the City of Zagreb was also used, where it is possible to download the network
of public city lines in PDF format. OpenStreetMap (OSM) was also used for the analysis;
we downloaded data on city roads in a vector format. A general disadvantage of existing
portals is the lack of metadata, which, in many cases, do not exist or are described in such a
way that does not meet the needs of users. In Appendix A, all findings of open data related
to the city of Zagreb are shown in Table A1.
In the Split Spatial Data Portal, we found the geographical position of all health
institutions in the city of Split, varying from public hospitals and health centers to private
clinics and surgeries, also without specific information on hospital specialization and
parking for people with disabilities. The information refers to the address, type and contact.
Analysis was performed for 25 hospitals. The data can be viewed on the portal but not
downloaded. We also found data on the geographical positions of the garages and parking
lots in Split. We also found a public bicycle dataset that contains existing and planned
public bike stations for electric and classic bicycles (displaying the location on the map).
Similar to Zagreb, it is not possible to find information on city roads or bicycle paths. For
this type of data, we used OpenStreetMap. Information on city traffic is taken from the
website site of Split transport company Promet Split. The City Traffic Network contains all
bus lines in Split, with bus stations, and can be viewed and downloaded in PDF format.
The findings of the data available in Split are shown in Table A2 in Appendix A.
The City of Rijeka distributes its data through a GIS browser, but no data relevant to
this research were found. For this reason, the National Open Data Portal [44] was used
to find hospitals in the city of Rijeka, which was without specific information on hospital
specialization or parking for people with disabilities. A list of all hospitals in the Republic
of Croatia is available in XLS/CSV format. The webpage Rijeka Promet d.d. contains data
on free parking spaces (garages and parking lots) in the city. Data related to bus lines and
stations are in CSV format, and other available data can be viewed through a web browser
and cannot be downloaded. Data related to the city roads are not available and can only be
downloaded via OpenStreetMap. Data on bicycle paths can be found on the BikeRijeka
Portal. A mobile app is also available that enables users to search approximately 40 paths
displayed on Google Maps and provides instructions on how to reach them. The main
findings for the city of Rijeka are available in Table A3 in Appendix A. Table 3 provides an
overview of the availability of datasets for the three cities.
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Table 3. Overview of available datasets for the three selected cities.
Hospitals
Type of
Data/City

Public Transport

Bicycle Paths

Roads

Available
for Reuse

Comment

Available
for Reuse

Comment

Available
for Reuse

Comment

Available
for Reuse

Comment

ZAGREB

Yes

XLS/CSV

Yes

PDF format

Yes

XLS/CSV

Yes

WMS

SPLIT

Yes

View only on
the map

Yes

PDF format

No

Only OSM

No

Only OSM

RIJEKA

No

Only on
National Portal

Yes

PDF format

Yes

View only
on the map

No

Only OSM

In the next section of this paper, the analysis of selected datasets based on the assessment framework established for this research is given.
4.3. Assessment of Open Data
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After the identification of portals and the required types of data, the evaluation was
performed on the available datasets. Figure 4a presents the statistics of available and nonavailable (NA) datasets, showing a high number of NA open datasets, needed for further
development of the smart application. Figure 4b presents types of NA data, especially high
14 data,
of 27
in the category of non-discrimination. Neither of the cities has multilingual open
open data related to voice guidance or available parking for people with disabilities.

(a)

(b)

Figure 4. (a) Available datasets. (b) Types of NA datasets.
Figure 4. (a) Available datasets. (b) Types of NA datasets.
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Figure 5. (a) Average scores per city. (b) Average scores per category.
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Figure 5a presents the average scores related to existing open data for the three largest cities, acting as hospital centers. The highest scores are obtained for Rijeka, followed
by Zagreb and then by Split. However, all scores are below the average grade of 3.0. Figure
5b presents the average scores for the categories of supply and demand by researcher/developer, showing higher average scores for the category of supply (2.78). Average scores
14 of 25
for both categories are below the average score of 3.0.
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voice guidance in hospitals, for any of the cities. Non-discrimination is related to questions
regarding enabling equal access to various users, such as “Is registration or membership
required for accessing the data?”, “Can any person access the data at any time without
having to identify themselves or to provide any justification for doing so?”, “Can data be
accessed through open-source software?”, “Are data multilingual?”, “Are there data on
voice guidance on hospital sites?”
Use of open standards (2.13) is related to the question “Are the data available in an
open format that supports visualization in open-source software?” Permanence (2.09) is related to the existence of data on government or other portals, the possibility to track changes
over time, the existence of metadata for previous versions of datasets or whether previous
and current versions of open data are stored in the same way, using open standards.
The lowest scores are given for machine readability (1.60) and ease of access (1.85).
Machine readability is related to the question of whether data are provided in machinereadable format(s). Ease of access is related to questions, such as “Is it possible to access the
data in physical form (e.g., on CD)?”, “Is it possible to access the data in electronic form (e.g.,
on the web)?”, “Can data be filtered and downloaded trough Application Programming
Interfaces (APIs)?”, “Are there accessible and open official tools available to help
users
16 of
27
locate and explore individual records?”. Data are mainly not available for download
through APIs; they are sometimes provided in cumulative form, not in open data format,
and, often, there is no record of versions that are not stored in the same standard.
Figure 7b presents KPI scores for the category demand by developer/researcher,
Figure 7b presents KPI scores for the category demand by developer/researcher,
showing a lower general score of 2.57. The highest score and the only score that gained a
showing a lower general score of 2.57. The highest score and the only score that gained a
value above the average grade of 3.0 is given for the category of licensing (4.73). The lowvalue above the average grade of 3.0 is given for the category of licensing (4.73). The lowest
est score is given to timeliness (1.27), showing that data are not up to date; specifically,
score is given to timeliness (1.27), showing that data are not up to date; specifically, they are
they are at least 3–4 years old. A low score is also given to the feedback indicator (1.53),
at least 3–4 years old. A low score is also given to the feedback indicator (1.53), showing
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Figure 7. (a) KPIs for category of supply. (b) KPIs for demand by developer/researcher.
Figure 7. (a) KPIs for category of supply. (b) KPIs for demand by developer/researcher.
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Using
the callated average values for each category, a spider chart was created using MS Excel to evaluate the datasets. Each axis of the chart represents a dataset with a scale from 1 (lowest
score) to 5 (highest score). The results are shown in Figure 8a,b.
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Scores for the existing open datasets for the supply side are higher than for the demand
by researcher/developer side, for each city. Only two datasets are above the average values:
Zagreb—hospitals (3.51) and Rijeka—public transport (3.58). Two datasets scored below
the average: Zagreb—car routes and Rijeka—bike routes. Moreover, datasets related to
hospital specialization and parking for people with disabilities do not exist.

Sustainability 2022, 14,Sustainability
12014
2022, 14, 12014

17 of 25

18

Figure
9. for
Average
scores
for supply
city (ZGST= Zagreb,
RI = Rijeka),
Figure 9. Average
scores
supply
assessment
forassessment
city (ZG =for
Zagreb,
= Split, ST
RI ==Split,
Rijeka),
gory supply for datasets (hospitals, hospital specialization, public transport, bike route, car r1
category supply for datasets (hospitals, hospital specialization, public transport, bike route, car route,
parking, parking for people with disabilities) on the scale of 1–5.
parking, parking for people with disabilities) on the scale of 1–5.

Sustainability 2022, 14, 12014

Scores for the existing open datasets for the supply side are higher than for the
mand by researcher/developer side, for each city. Only two datasets are above the ave
values: Zagreb—hospitals (3.51) and Rijeka—public transport (3.58). Two datasets sco
below the average: Zagreb—car routes and Rijeka—bike routes. Moreover, dataset
lated to hospital specialization and parking for people with disabilities do not exist.

Figure
10.for
Averge
scores for demand-by-researcher/developer
city (ZG
Zagreb, ST = S
Figure 10. Averge
scores
demand-by-researcher/developer
for city (ZG = for
Zagreb,
ST == Split,
= Rijeka),for
fordatasets
category
for datasets
(hospitals,
hospital public
specialization,
transport, bike
RI = Rijeka), for category
(hospitals,
hospital
specialization,
transport,public
bike route,
carparking
route, parking,
parking
for people with
disabilities)
on the scale of 1–5.
car route, parking,
for people
with disabilities)
on the
scale of 1–5.

Figure
10 for
presents
scoresdatasets
for the for
existing
datasets
for demand by researcher/
Figure 10 presents
scores
the existing
demand
by researcher/developer.
oper.
Results
the only
scoresfor
of Zagreb
averageand
values
for Zagrebroutes,
and Rijeka—bike
r
Results show the
only
scoresshow
of average
values
Rijeka—bike
folfollowed
by car routes
for Zagreb
anddatasets
Rijeka. All
datasetsfor
areuse
notby
available f
lowed by car routes
for Zagreb
and Rijeka.
All other
areother
not available
developers/researchers
through suitable functionalities
andfunctionalities
standards. and standards.
by developers/researchers
through suitable
5. Discussion

In this research, we created a new framework wherein categories and indicator
existing frameworks are complemented by new ones. We identified five categories
assessment framework: supply side, demand by researcher/developer, demand s

Sustainability 2022, 14, 12014

18 of 25

5. Discussion
In this research, we created a new framework wherein categories and indicators from
existing frameworks are complemented by new ones. We identified five categories in the
assessment framework: supply side, demand by researcher/developer, demand side by
end-user, legal aspects and impact side. The evaluation of publicly available datasets was
performed for the categories of supply side and demand side by developer/researcher,
which are related to existing open data. The other three categories (demand side by enduser, legal aspects and impact side) are related to the use of future online applications, which
would be developed as an ecosystem. However, the development of such an application
would require the addition of new data and improvement of existing data with regard to
quality and quantity. In this framework, we identified two categories of demand, demand
by researcher/developer and demand by end-user, which are to be developed with future
applications. The aspect of the end-user represents the innovative element, which will
enable the assessment of future applications through interaction with users, and thus enable
constant improvement.
Average scores for all three cities are lower than average (3.0), showing that data are
incomplete or partially available. For all three cities, there are no open data on the hospital
specialization or parking for people with disabilities, which are types of data that could
distinguish the future smart application. There are only a few datasets obtaining scores
above the average grade; however, this does not mean that they are complete. Most of
the datasets score around or below the average value of 3.0, especially in the category of
demand by researcher/developer, showing that data are not available in the conditions
necessary for the further development of the application. KPI scores show that that existing
open datasets are not available in machine-readable formats and do not permit easy access.
Many data do not exist in government portals and are not available in open standards.
The non-discrimination aspect also scored lower than average, showing that there is no
multilingual information or information on voice guidance; therefore, data are not available
to all users under the same conditions.
In many cases, metadata do not exist or are described in such a way that does not meet
the user’s needs, without information on the source, or how data were collected. Metadata
are, in most cases, either inaccessible or insufficiently described for the user to be able to
fully understand or use the selected datasets. Additionally, most of the datasets that have
metadata show that they are not up to date. Therefore, although the datasets related to this
research exist, the lack of completeness and the data updates represent the main problems.
The only type of data that obtained the highest score was the usage cost, showing that the
available data are free of charge.
Fleiss’ kappa showed low inter-rater agreement, with lower agreement for the demand
side due to the low quantity and quality of existing data.
Although data were evaluated by only two categories (supply and demand by researcher/developer), all five categories of our proposed assessment framework are to
be conceptually implemented in the ecosystem. This ecosystem is designed to improve
over time through the feedback of users, which was the reason that we distinguished the
categories of demand by researcher/developer and demand by-user. However, existing
open datasets were not of sufficient quantity or quality to develop the smart application
and to implement the “Hospital Access Framework” to its full potential.
Our research provides an insight into the accessibility of datasets deemed relevant for
answering a single, very important, yet very specific societal questions related to hospital
access. For other societal questions, the outcome of the assessment may be very different,
since different datasets may be needed to answer such questions. However, we do believe
that our inability to answer a very simple but highly relevant societal question is a clear
indication of the supplier-driven data presence and the immature status of the Croatian
open data ecosystem.
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We focused on the existence of open data as a starting point to develop the data layer
as part of the design of the application. The rest of the layers could be added in a future
phase when the actual application begins to be developed.
Although the evaluation was performed on the specific datasets, the methodological framework proposed in this research might be applied for other cities and public
institutions, aiming to evaluate the availability, quality, quantity and relevance of data.
However, the evaluation of specific datasets may depend on expert evaluation or awareness
of data relevance.
6. Conclusions
The central aim of this research was to assess available open data related to access to
hospitals in the three largest Croatian cities (Zagreb, Split, Rijeka), which are the largest
hospital centers in the country. The future aim is to create a new mobile, multilingual
and voice-based application that would enable quick access to information on hospital
access, relying on the principles of the open data ecosystem, that would improve over
time. This digital service would be an ecosystem that can be used in everyday situations,
complying with the principles of digital inclusion and a digital society. We achieve this
by posing simple questions: “Where is the nearest specialized hospital of the specific
type?”, “How can I get there?”, “Is parking available?”, “Is there parking for people with
disabilities?”. To address these questions, we evaluated open data as the potential source
for the development of a digital service that would provide answers to such questions in the
three largest Croatian cities (Zagreb, Split and Rijeka), which are the largest hospital centers
for domestic populations and tourists. Data analysis was performed for the following
datasets: hospitals, hospital specialization, public transport (tram, bus), bike routes, car
routes, parking, parking for people with disabilities.
The future aim is to create a new mobile, multilingual application that would enable
quick access to information on hospital access and hospital specialization, relying on the
principles of the open data ecosystem that would improve over time. In order to evaluate
the new ecosystem, we proposed the new conceptual “Hospital Access Framework”,
where basic indicators are complemented by end-user-driven indicators, which would be
beneficial for decision makers to set priorities for releasing data as open data. In this way,
the end-user aspect is included into the assessment.
The first specific aim was to identify and analyze portals and open datasets of selected
categories for the three largest Croatian cities. The results show that existing open datasets
related to hospital access in the three largest Croatian cities are scattered across different
portals and not only on portals provided by the government, which is directly reflected
in the categories of permanence and primacy. Permanence has a score of 2.09, related
to the possibility to track changes over time, to metadata for previous versions of open
data. Primacy has a score of 3.14, which is related to the existence of metadata in line with
open standards, explanations of how derived data were calculated, information on the
source and whether the dataset is provided from the original source, whether information is
collected by the government or city government and details on how the data are collected.
The publicly available open data relevant to our question are incomplete, missing, not
available in open data formats, not available for download and generally not of sufficient
quality and quantity. Data are currently mainly available for download through APIs,
sometimes given in cumulative form and not in open data format, and, often, there is no
record of versions that are not stored in the same standard.
The second specific aim was to analyze existing frameworks and detect gaps in order
to create a new open data ecosystem framework integrating the end-user perspective.
Research shows that existing frameworks on open data are based on the supply side, more
focused on the status of the components, lacking evaluation scales and not including an
end-user-driven aspect, which would be crucial for the open data ecosystem. The ecosystem
needs to include an interaction component, which we offer through the end-user aspect.
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The third specific aim was to create a new framework, where existing criteria are
complemented by new ones, resulting from our research. As a result, the new “Hospital
Access Framework” is created as a conceptual ecosystem, including five categories: supply,
demand by researcher/developer, demand by end-user, legal aspect and impact. In this
framework, there are two types of demand categories: demand by researcher/developer,
which uses open data for further research and development; and demand by end-user,
which interacts with future innovations, developed on the bases of open data, e.g., smart
mobile applications. In the framework, key performance indicators (KPIs) are developed
using SMART criteria, together with evaluation scales.
To our knowledge, there is no framework integrating the end-user perspective while
the impact category is not elaborated through an innovative perspective using SMART
criteria. The new suggested framework, developed for the assessment of the open data
ecosystem, includes five categories that integrate the end-user perspective with the feedback
component, enabled through end-user interaction.
The fourth specific aim was to perform an analysis of selected open datasets for the
three largest Croatian cities, acting as hospital centers, based on the created framework.
Analysis of selected open data was performed for the three Croatian cities, for the
two categories of supply and demand by researcher/developer. The other three categories
(demand by end-user, legal aspect and impact) will be used for the evaluation of the
future smart application. Analysis of open data was performed for the following datasets:
hospitals, hospital specialization, public transport (tram, bus), bike routes, car routes,
parking, parking for people with disabilities.
Analysis shows that some open datasets are not available at all (hospital specialization,
parking for people with disabilities) or not published in open formats (Zagreb—parking),
as well as data related to non-discrimination (e.g., multilingual open data, voice guidance).
Scores for the existing open datasets for the supply side are higher than for the
demand side, for each city; however, both are below average: supply (2.78) and demand by
researcher/developer (2.57). Supply-side analysis shows that there are only two datasets
having scores higher than average: Zagreb—hospitals (3.51) and Rijeka—public transport
(3.58). There are two datasets that scored below the average: Zagreb—car routes (2.31)
and Rijeka—bike routes (2.51). All other categories obtained scores around the average
of 3.0. Datasets for hospital specialization and parking for people with disabilities are not
available for any of the cities, and, therefore, not evaluated.
The category of demand by researcher/developer obtained a lower average score than
the supply side. The results do not show datasets above the average score, and only two
datasets are around the average score: Zagreb—bike routes (3.0) and Rijeka—bike routes
(2.74). Meanwhile, all other categories are scored below average, around grade 2.0.
The results show that existing open data are missing, incomplete, non-existent (hospital specialization, parking for people with disabilities), not available in a suitable format
for download, not of sufficient quality and quantity or insufficient for smart application
development.
KPIs from the demand side include researchers/developers looking for data appropriate for further development. Some categories overlap with the supply side (checking
existence), and some are considered in different ways (check of appropriateness). When
the demand for the end-user is included, the whole demand side will be more complete.
The results of the process of data identification, acquisition and preparation show data
resources as fragmented and heterogeneous, not available in open data formats or through
APIs. They differ considerably by quality, completeness, quantity and, therefore, in the
current state, are not sufficient for the development of new digital services or to enable
digital inclusion on a non-discrimination basis.
Spatial open datasets differ in quality and quantity and are used for various types
of scientific and practical research in order to be exploited for various purposes, such as,
for example, online applications [45], 3D city modelling [46], for collaborative geological
mapping [47], for investigating historical settlements and landscape analysis [48], to study
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the geographic educational paths of individuals or social groups [49], for building citizen
science [50], analysis of air pollution [51], vehicular traffic [52], public green spaces [53],
etc. Special attention is given to the comparative analysis of open data among cities in
compliance with indicator standards in order to set up a common set of indicators [54],
such as economy, education, energy, environment and climate change, finance, governance,
health, housing, population and social conditions, recreation, safety, solid waste, sport and
culture, telecommunications, transportation, urban/local agriculture and food security,
urban planning, wastewater and water. The research [55] presents an evaluation model
through citizens’ sustainable use of open data, with 12 indicators in four dimensions: data,
platform, outcome and citizen. Although there has been a significant increase in interest in
open data, there is still the problem of benchmarking the open data ecosystem. The authors
of [12] propose a framework that assesses, through a holistic approach, the following
components: open data supply, open data governance and open data user characteristics.
This holistic framework estimates the maturity of the open data ecosystem, aiming to be a
useful tool to indicate which aspects of the open data ecosystem are successful and which
aspects require attention. The initial research shows that geographical data are higher than
health data.
In this research, we have used a mixed methodological approach by combining theoretical and practical research. The theoretical research consisted of a review of existing
frameworks for open data assessment, detailed analysis and the detection of gaps. The
practical research included the identification of open data portals and existing datasets.
The final outcome is the conceptual ecosystem model and new proposed framework, which
are ideally aligned through practical implementation by data assessment, components of
the conceptually created ecosystem and the ecosystem in future implementation, as a new
digital service.
The development of digital services for the digital inclusion of citizens requires the
involvement of all stakeholders (government, data providers, institutions, citizens, policymakers, etc.) for the creation of innovative solutions that will provide widespread benefits
and follow moral and ethical principles. Digital transformation towards a digital society
requires education on digital literacy, which includes the usage, retrieval and sharing of
information and the use of digital services, education and proactive involvement of citizens,
who represent the feedback component of the ecosystem, ensuring improvement in the
circular cycle. The need for data harmonization and standardized data quality evaluation
on web portals, benchmarking frameworks [56], design requirements of portals, datasets
and usage statistics [57], can lead to data improvement, and thus unlock the potential for
new solutions from entrepreneurs [58] but also from universities [59]. As stated in [45], the
EU supports the integration of data and knowledge to create online services and resources
relevant for businesses and end-users using open data. The standardization and harmonization of criteria will enable international comparative assessments through research and
innovation up to entrepreneurial activities [28] in the current digital transition of societies.
The future challenge is to develop a multilingual and multimodal digital service based
on improved and added data related to specific types of hospital access. Through the
cooperation of public and private stakeholders, the development of the new open data
ecosystem will be achieved in the form of a sustainable mobile application that will include
end-user-driven interaction and will be used in everyday situations as part of the concept
of the “digital society”.
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Appendix A
Table A1. Summary of Zagreb findings.
Open Data Portal of Zagreb

HOSPITALS

Hospital layer:
addresses,
longitude and
latitude
(WGS84),
contacts

ZG Geoportal

Public City Transport—ZET

Download
available in XLS
CSV

Health layer:
Croatian Health
Insurance Fund,
Health Centers,
Emergency,
Pharmacies,
Duty
Pharmacies and
Health
Institutions

View only +
WMS service

-

-

View only +
WMS service

Network of bus
and tram lines,
map of bus and
tram stations

Download
available in
PDF format

PUBLIC
TRANSPORT

-

-

Transport layer:
tram stations,
bus stations,
railway stations

BICYCLE
PATH

Infrastructure
layer: bicycle
paths—length,
coordinates of
path midpoint

Download
available in XLS
CSV

Transport layer:
bicycle paths
and bicycle
garages

View only +
WMS service

-

-

TRAFFIC
ROADS

-

-

Transport layer:
roads

View only +
WMS service

-

-

-

Public garages,
pedestrian
zones, taxi
stands, gas
stations

View only +
WMS service

-

-

OTHER
RELEVANT
DATASETS

-
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Table A2. Summary of Split findings.
Grad Split Hub

Promet Split

HOSPITALS

Healthcare facilities:
geolocation, address, type of
facility, contact

View only on a map

-

-

PUBLIC
TRANSPORT

-

-

Bus lines

Download available in
PDF

BICYCLE
PATH

Bicycle station: geolocation,
type, number of lots,
purpose

View only on a map

-

-

TRAFFIC
ROADS

-

-

-

-

OTHER RELEVANT
DATASETS

Garages and parking lots:
geolocation, type, number of
lots, purpose

View only on a map

-

-

Table A3. Summary of Rijeka findings.
GIS Browser
City of
Rijeka

National Open Data Portal

HOSPITALS

-

Health
Insurance
Institute—
list of
institutions

PUBLIC
TRANSPORT

-

-

Rijeka Promet d.d.

BikeRijeka

Download
available in
XLS and CSV

-

-

-

-

-

Bus lines and
stations

Bus lines and
stations

-

-

BICYCLE
PATH

-

-

-

-

-

Paths on map

View on a
downloadable mobile
app

TRAFFIC
ROADS

-

-

-

-

-

-

-

OTHER
RELEVANT
DATASETS

-

-

-

Parking lots,
garages

Parking lots,
garages

-

-
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