
Data Driven Governments: Creating Value through
Open Government Data

Judie Attard, Fabrizio Orlandi, Sören Auer

University of Bonn
attard@iai.uni-bonn.de, orlandi@iai.uni-bonn.de,

auer@cs.uni-bonn.de

Abstract. Governments are one of the largest producers and collectors of data in
many different domains and one major aim of open government data initiatives
is the release of social and commercial value. Hence, we here explore existing
processes of value creation on government data. We identify the dimensions that
impact, or are impacted by value creation, and distinguish between the different
value creating roles and participating stakeholders. We propose the use of Linked
Data as an approach to enhance the value creation process, and provide a Value
Creation Assessment Framework to analyse the resulting impact. We also imple-
ment the assessment framework to evaluate two government data portals.
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1 Introduction

Especially in recent years, open government initiatives have gone way beyond the sim-
ple publishing of data. In fact, the end aims of open data movements such as the Public
Sector Information (PSI) Directive1, U.S. President’s Obama open data initiative2, the
Open Government Partnership3, and the G8 Open Data Charter4 focus on achieving
transparency, participatory governance, and releasing social and commercial value. In
order to have a well-functioning, democratic society, citizens and other stakeholders
need to be able to monitor government initiatives and their legitimacy. Transparency
means that stakeholders not only can access the data, but they also should be enabled
to use, re-use and distribute it. The success to achieve transparency results in a consid-
erable increase in citizen social control. Furthermore, through the publishing of gov-
ernment data, citizens are given the opportunity to actively participate in governance
processes, such as decision-taking and policy-making, rather than sporadically voting
in an election every number of years. Hence, through open government data initiatives

1 http://ec.europa.eu/digital-agenda/en/european-legislation-
reuse-public-sector-information

2 http://www.whitehouse.gov/open/documents/open-government-
directive

3 http://www.opengovpartnership.org/
4 https://www.gov.uk/government/publications/open-data-charter



such as portals, stakeholders can also be more informed and be able to make better
decisions [32]. This opportunity can have a major impact within so many dimensions,
including, but definitely not limited to; urban management, marketing, service improve-
ment, and citizens’ quality of life.

All data, whether addresses of schools, geospatial data, environmental data, weather
data, transport and planning data, or budget data, has social and commercial value, and
can be used for a number of purposes that could be different than the ones originally
envisaged. Governments are one of the largest producers and collectors of data in many
different domains [15]. Considering its volume (huge amount of data produced), veloc-
ity (frequent gathering of data, especially sensor data), variety (different domains), and
veracity (uncertainty of data), government data can be considered to be Big Data. By
publishing such data the government encourages stakeholders to innovate upon it, and
create new services. The main challenge in releasing social and commercial value is
that open data has no value in itself, yet it becomes valuable when it is used [16], and
there are many factors within an open government initiative that influence its success.

In this paper we attempt to answer the following research question: What are exist-
ing processes of value creation on open government data? With this research question
we aim to address the niche in existing literature with regards to the creation of value
on open government data. In this paper we hence identify the various processes in a
government data value chain, as well as dimensions that, in some way or another, have
an impact on value creation upon government data. We also distinguish between the
different value creating roles of participating stakeholders within the government data
value chain, and identify the resulting impacts of value creation and of exploiting data
as a product. While we focus on government data, it is important to note that most of
what we discuss is also valid for generic open data initiatives.

2 Methodology

In order to analyse existing approaches undertaken for creating value based on open
government data, we review existing literature on open government data initiatives.
We implement a systematic approach, where we define a number of search terms and
perform a search on a number of digital libraries. Thereafter, we select which literature
to include in our study by applying inclusion and exclusion criteria.

The search terms we defined are a combination of the following keywords: govern-
ment, data, portal, open, publishing, consuming, and public. The latter were selected
with the aim of obtaining results relevant to the research question defined in Section
1, or more specifically; any initiative that exploits government data on order to create
value. We here stick to the definition of Government Data to entail any data that is
government-related. It may or may not be produced or published by a governmental
entity, and it may or may not be made openly available (it can have varying degrees of
openness).

In order to cover the largest spectrum of relevant publications possible, we identified
and used the most extensively used electronic libraries, namely: ACM Digital Library,
Science Direct, Springer Link, IEEE Xplore Digital Library, and ISI Web of Knowl-
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edge. To achieve relevant results that are sufficiently comprehensive and precise, we
apply these search terms on both the title and the abstract search fields.

After the systematic search was completed, we led a manual study selection based
on exclusion and inclusion criteria. Basically, we only considered literature to be rele-
vant if it regarded the actual exploitation of government data. This resulted in 74 publi-
cations that form our set of primary studies5.

With the research question in mind, we analysed the 74 publications with the aim of
identifying current practices of creating value using government data. We hence provide
our observations, comments, guidelines, and conclusions in the rest of this paper. Of
course, apart from the above-mentioned literature, we also conduct further lookup and
exploratory searches [22] to identify related literature on which to base the contributions
within this paper.

3 Background Literature

Data is increasingly becoming a commodity in our information society. It is steadily
becoming the basis for many products and services, such as open data, Linked Data,
or Big Data applications. Using open data, specifically open government data, has the
potential of not only resulting in economic benefits, but also has good social and govern-
mental impacts. Releasing government data will impact transparency and accountability
factors, while the release of specific datasets can encourage stakeholders to create in-
novative services and boost economic growth. The release of information will also aid
stakeholders in making informed decisions based on relevant data.

In order to reflect such a data-centric society, the concept of value chains [29] was
coined to identify how value is created in order to achieve a product. The value chain
model describes value-adding activities that connect an industry’s supply side, such as
raw materials and production processes, to its demand side, such as sales and marketing.
The value chain model has been used to analyse and assess the linked activities carried
out within traditional industries in order to identify where, within these activities, value
is created. This was done with the aim to identify what activities are the source of
competitive advantage within these industries.

As successful as the value chain concept was to achieve this aim, during these last
years products and services are becoming increasingly digital, and exist in a more non-
tangible dimension [27]. In addition, the traditional value chain model does not consider
when information is used as a source of value in itself [30]. Thus, the original concept of
value chain is becoming an inappropriate method with which to identify value sources
in today’s industries that produce non-tangible products [27]. Newer definitions of the
concept, such as in [9,19,20,24,27], cater for the digital dimensions; taking into account
factors and activities which set this dimension apart from the more physical one.

Lee and Yang [20] define a value chain for knowledge, including the knowledge
infrastructure, the process of knowledge management, and the interaction between the
required components. Knowledge, a step further than information, is data organised
in meaningful patterns. The process of reading, understanding, interpreting, and ap-
plying information to a specific purpose, transforms information into knowledge. This

5 All primary studies can be accessed here: http://mnd.ly/1LFgFQJ
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means that for an entity that is unable to understand knowledge, the knowledge is in
fact still only information. This is the data literacy problem, where any effort invested
in knowledge generation is lost if the target consumer is unable to actually understand
the provided knowledge [37]. Similar to Porter, Lee and Yang classify the activities
within the knowledge value chain in five categories, namely knowledge acquisition,
knowledge innovation, knowledge protection, knowledge integration, and knowledge
dissemination.

In [9], Crié and Micheaux provide us with a more generic value chain than Lee
and Yang, including raw data in their definition. Within their paper, the authors aim
to highlight any issues within the value chain, to provide an overview of the current
progress, and also to encourage entities to view the benefits of participating within the
data value chain. They focus on four aspects of the Data Value Chain, namely:

– Obtaining the right data – Capturing the right data is the first step to forming an in-
formation chain that aims to provide the best customer service and result in profits;

– Data quality management – Ensuring the data is of good quality increases the po-
tential towards maximising returns from the data for both the entity and its cus-
tomers;

– Deriving information and knowledge from raw data – The act of extracting infor-
mation from data, and interpreting knowledge from information;

– Using information and knowledge to satisfy customers and generate profits – The
use of good data increases the chance of making better decisions.

Peppard and Rylander [27] also discuss a value chain that is more suited where
the product in question is digitised, and thus non-tangible. The authors introduce the
concept of Network Value, where value is created by a combination of actors within the
network. In contrast to the earlier definition of a value chain, network value does not
necessarily follow a linear model, and accounts for the various interconnected actors
that work together to co-produce value. While these actors or entities should be able to
function independently, they operate together in a framework of common principles.
This means that an action by a single entity can influence other entities within the
network, or otherwise require further actions from them in order to achieve the final
product. Morgan et al. [26] provide a similar discussion on the co-production of value
through open-source software.

In line with more recent popular themes, Miller and Mork [24] and Latif et al. [19]
focus on big data and Linked Data respectively. Similar to Crié and Micheaux [9], Miller
and Mork discuss the data value chain concerning all required actions in aggregating
heterogeneous data in an organised manner and creating value (information/knowledge)
that can influence decision-making. The authors divide their data value chain in three
main categories, namely data discovery, integration, and exploitation. In contrast, Latif
et al. propose the Linked Data Value Chain. Motivated by the still limited commercial
adoption of the Semantic Web, the authors aim to drive the Semantic Web and the use of
Linked Data closer to commercial entities. The authors discuss the entities participating
in the Linked Data value chain, their assigned Linked Data roles, as well as the types of
data processed within the chain. An interesting aspect that distinguishes the proposed
Linked Data value chain from the ones previously mentioned is that actors within the
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Fig. 1: The Data Value Network

chain are not necessarily bound to one specific role. Rather the assignment of roles to
entities is more flexible where, in extreme cases, an entity can even occupy all roles at
once.

Whichever model it follows, the data value chain is at the centre of a knowledge
economy [1], where data products provide digital developments to more traditional
sectors, such as transport, health, manufacturing, and retail. Being one of the largest
producers and collectors of data in so many domains, governments play a vital role in
data value chains. Essentially, the strategy beneath a data value chain is to extract the
maximum value from data by building on the intelligent use of data sources [1]. The
authors of [28] add that value-adding is one of the most important properties for infor-
mation, where the objective of adding value to information is to develop information
products and provide information service with social and economic value.

Based on the discussed literature, we provide our definition of a Data Value Net-
work, as shown in Figure 1. This network differs from the classic definition of a data
value chain in that the activities within the network do not follow a sequential struc-
ture; rather, activities can be executed in tandem, and other activities can be skipped or
repeated. Furthermore, each activity can be further broken down into more specialised
value creation techniques (the thin arrows in the Figure 1). While not exhaustive, the
listed techniques are the most common and generic processes that can be executed on
a data product. The Data Value Network also caters for multiple actors, where one or
more actors can participate to co-produce value within an activity. We hence define the
Data Value Network to be:

A set of independent activities having the aim of adding value to data in order
to exploit it as a product

where different actors can participate by executing one or more activities, and each
activity can consist of a number of value creation techniques.

Data activities in a Data Value Network all have the purpose of adding value to data,
which may or may not result in a new data product. We can consider ‘adding value’ to
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be equivalent to ‘making the data more usable, or making it more fit for use in a specific
use case’. So, for example, while data in PDF format is easily human-readable, it’s
conversion to RDF would make it more usable where the use case requires data to be
machine readable. The opposite can also stand true. We here provide a brief description
of the activities that add value to data. The value creation techniques will be described
in detail in Section 4.

– Data Discovery: Data discovery is the process of obtaining data. Sources of data
can be as varied as sensor data, the Internet, private companies, governmental enti-
ties, and social media, amongst others.

– Data Curation: This is a very generic activity that can encompass a large number
of different value creation techniques, all of which modify the data in some way or
another. This activity can recur numerous times, until the required data product is
obtained.

– Data Interpretation: This activity involves presenting the data in a different man-
ner, in order for it to be more understandable.

– Data Distribution: Data distribution is the activity involving making the data avail-
able as a product. This means that other entities can search for and discover this
data.

– Data Exploitation: This activity can be considered as the final goal of the Data
Value Network, though it does not signify the Data Value Network is finished. It
involves consuming the data as a product.

Within an urban environment such as a city, the Data Value Network can have major
impacts on the citizens, especially where a data product is used in a decision-making
process. This aspect is considered to be part of a smart city. The decision-making pro-
cess is a very broad term used to encompass the practice of familiarising oneself with
the relevant information before taking a particular decision. This concept was discussed
as early as the 1970s, where Montgomery [25] describes the use of information systems
to aid in the planning and decision-making processes within a marketing environment.

While there are various definitions of a smart city throughout literature, we con-
sider a city to be smart where investments in human and social capital and traditional
(transport) and modern (ICT) communication infrastructure fuel sustainable economic
growth and a high quality of life, with a wise management of natural resources, through
participatory governance [7]. There is increasing effort worldwide to transform cities
into smart cities, particularly through the release of government data to the public, as
well as through the exploitation of this data. Examples include Rio de Janeiro in Brazil6,
Dublin in Ireland7, and London in the United Kingdom8. Whilst earlier attempts at
“smartifying” a city mostly concerned the automation of some routine functions, more
recent attempts are focusing on improving the management and sustainability of a city
through monitoring and analysing the relevant data, with the intention of improving the
quality of life if its citizens [3]. Smart cities can hence impact various dimensions in a
citizen’s life, for example:

6 http://www.centrodeoperacoes.rio.gov.br/
7 http://www.dublinked.ie/
8 http://citydashboard.org/london/
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– Transportation: The analysis of traffic data can aid citizens to check the best time to
use certain roads, public transport can be better managed through better prediction
of arrival times, whilst the government can attempt to lessen traffic by providing
alternative transportation options. For example, a live view of the car boarding areas
for the ferry between the islands of Gozo and Malta is streamed9 in order to enable
citizens to check if there is currently a long queue and plan their travels accordingly.
Moreover, traffic supervisors can be dispatched to control and manage the boarding
process.

– Energy Consumption: The use of smart meters and other sensors can help in re-
ducing energy consumption through monitoring use in real-time. For example, an
initiative throughout the European Union is currently ongoing with the aim of con-
trolling energy consumption and providing for a more sustainable environment10.

– Weather Emergencies: Weather information can be used to predict if a weather-
related emergency is incumbent, such as flooding, landslides, earthquakes, etc. This
prediction can be used to issue warnings or evacuation orders in time. The city of
Rio de Janeiro is a good example of this use case, as an operations centre11 was
established with the aim to prevent weather-related disasters (amongst other aims).

– Health: Patient data can be used to generally monitor a patient during an ongo-
ing treatment or to issue reminders when check ups or vaccinations are due. The
Immunize India initiative12 is an example of the latter.

4 Value Creation Techniques

Table 1 shows the various Value Creation Techniques within the Data Value Network.
While not comprehensive, we included the most popular and frequently-used tech-
niques from various stakeholders participating in the Data Value Network. The aim
of all these techniques is to create or improve upon a data product, resulting in data that
is (more) ideal to be used in the required application and increasing its value and re-use
potential.

Data is produced in the day-to-day administration of a governing entity. The simple
generation of this data is the first step towards its (re) use as a data product. As opposed
to data generation, data procurement involves obtaining data generated by a different
entity through performing some sort of negotiation. Data gathering, on the other hand,
refers to the aggregation of data from different entities or locations. Finally, data selec-
tion requires the stakeholder in question to choose a subset of available data and extract
it, potentially for the use in a different use-case then what the data was originally gen-
erated for. In order for the best value potential, all generated, procured, gathered, or
selected data, need to be complete. This means a record has all the information required
for an accurate representation of the described data.

9 http://www.visitgozo.com/en/content/live-ferry-queue-
streaming-beta-1538/

10 http://my-smart-energy.eu/
11 http://centrodeoperacoes.rio/
12 http://www.immunizeindia.org/
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Government Data Live Cycle Processes Value Creation Techniques
Data Discovery Generation

Procuring
Gathering
Selection

Data Curation Organisation
Integration
Merging
Linking
Quality Aspects

Data Interpretation Serialisation
Analysis
Information/Knowledge Extraction

Data Distribution Storing
Publishing
Sharing

Data Exploitation Question Answering
Decision-Making
Visualisation
Service Creation

Table 1: Value Creation Techniques categorised according to the Data Value Network

The value creation techniques falling under the Data Curation activity have the pur-
pose of making the data more usable. Data organisation requires the structuring of data
in such a way that the data is more understandable, or that the data follows some pat-
tern; for example government budget data can be organised by year. Data integration
has the purpose of enriching an existing dataset with new data, possibly with the inten-
tion to use the data in an unprecedented use. For example, the integration of weather
data to accident information can be done by an insurance company to check the legit-
imacy of a claim. Another example is adding user feedback to product data in order
to identify product faults. Data merging is somewhat similar, where different datasets
are merged in order to obtain further information. For example, the merging of popula-
tion data with geographical data can be used to obtain population density. On the other
hand, the linking of different datasets is done in order to provide context, for example
linking geographic data to textual descriptions about the locations in question. Finally,
data quality involves the assessment and (if necessary) improvement and cleaning or
repairing of data, such as removing duplicate data, ensuring the data is consistent, com-
plete, timely, and trustworthy, and adding provenance data. This technique gives the
data a higher level of quality and encourages its re-use. Similarly, metadata also en-
hances a datasets re-use potential. By enriching a dataset’s metadata, a dataset is made
more easily discoverable by potential users [31].

The Data Interpretation activity involves some sort of reasoning where the data in
question is made more understandable. In the simplest way, data serialisation involves
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the conversion of data into semantically richer or lower formats, such as PDF to RDF,
or CSV to RDB. This conversion enables stakeholders with different backgrounds to
still be able to exploit the data in question to its highest potential. Moreover, the use of
non-proprietary, machine-readable formats will increase the value creation potential of
the data in question. The implementation of analysis techniques, such as data mining,
pattern identification, and trend analysis, enables stakeholders to identify any existing
patterns, which can eventually aid actors in the Data Value Network in actions such
as decision-making. Information/knowledge extraction has a similar purpose, where
raw data is interpreted manually (non-machine), and along with the available context
information and the knowledge from the stakeholders in question can be used to arrive
to particular conclusions.

Techniques such as storing, publishing, and sharing, all have the purpose of adding
the potential of the data to be distributed to different entities and re-used. The storing
of data enables actors to re-use the data in question without requiring a local copy. By
publishing the data in an open manner, and making it shareable, it is also made avail-
able to many more external stakeholders. This publishing process creates value simply
by making data available for re-use. The data distribution activity is a vital node within
the Data Value Network, as data that is not made available publicly is very limited in
its re-use potential. Therefore, data that is provided in a timely manner (data is pro-
vided in a reasonable amount of time after creation/generation), without discrimination
on its consumers (not requiring any registration), and made accessible for all, has the
best value creation potential. Moreover, the addition of metadata enables the data to be
more discoverable, thus enhancing this potential. Popular methods of publishing data
include SPARQL13 endpoints and Application Program Interfaces (APIs). Licensing is
also vital here, as it has the purpose of declaring if and how data can be used. In the
case of government data it is preferable that licences are of an open nature.

The Data Exploitation activity encompasses any value creation technique that in-
volves consuming the data to solve a particular problem. Visualisation can be con-
sidered as an example of passive exploitation, where an actor consumes the data as
information or knowledge. Visualisations involve a visual representation of data that,
similar to data interlinking and data analysis, can provide us with a new insight. Visu-
alisations can also be used to provide ‘stories’, since they are more easily interpreted
than raw data. An example of a more active consumption of the data can be the use of
data to influence decision-making, for example, a government might consider citizens’
feedback before taking a decision. Question answering and service creation are other
examples of active consumption of data. In the former data is collected and analysed
in order to solve a specific question, whilst service creation is the provision of a ser-
vice through the use of existing data, for example a mobile public transport timetable
application.

4.1 Stakeholders: Beneficiaries, Contributors, and Their Roles

Government data, or public sector information, is a resource holding great potential
for a large number of stakeholders. Governmental agencies, citizens, non-profit organ-

13 http://www.w3.org/TR/rdf-sparql-query/
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isations, and businesses, are but a few of the potential stakeholders who, through the
exploitation of open government data, can reap substantial benefits. Since the efforts of
the latter stakeholders remain largely uncoordinated, their motivations, levels of exper-
tise, and priorities differ. In this section we proceed to identify and explore the various
stakeholders who, either through value creation or other means of consumption, use
open government data.

The most obvious role of governments in open government data initiatives is the
role of a data provider. Yet, public entities are also the direct beneficiaries of their own
published data. Through transparency as a motivation, the publishing of data can in-
crease accountability, and moreover inhibits corruption. In turn this increases citizens’
trust in their government. The analysis of government data, such as budget data, has the
potential of increasing efficiency and influencing decision-making. Innovations based
upon such data can also be used to provide more personalised public services, thus
increasing the quality of the interactions between governments and their citizens.

Through publishing government data, citizens are given the possibility of participat-
ing in governance processes. Apart from being able to make more informed decisions,
citizens are sometimes given the opportunity to take part in participatory governance.
For example, in a participatory budget effort citizens are given a say as to how, or for
what, budget should be prioritised. Citizens can also participate in open government
initiatives by being data prosumers. By this we mean citizens who both produce and
consume data. For example, the Fix My Street14 application provides a platform where
anyone can submit an existing problem in a street, in order to indicate the problem areas
to the government. In this crowdsourced co-production of value, we have geographical
data consumption, and street issues data production. Open government data certainly
has the potential of increasing citizens’ quality of life.

Non-profit organisations, such as non-governmental organisations (NGOs) or Civil
Society initiatives, can have a huge difference in their goals. Examples of such organisa-
tions include the Sunlight Foundation15 and the Open Knowledge Foundation16, present
in various countries. Organisations such as the latter usually share the goals of demon-
strating the benefits of opening governmental data both to the general public and to the
governments themselves. They also play a vital role as intermediaries who can identify
key datasets that have the potential of being very valuable if published as open data.

Private companies, small to medium enterprises (SMEs), entrepreneurs, and other
businesses, have the potential of not only making an economic profit through using
government data, but can also create more jobs, and (depending on the nature of the
service) also provide innovative services that increase the beneficiaries’ quality of life
and indirectly impact job creation in this field. While the sole access to data does not
provide competitive advantage, private entities can innovate upon the available data to
provide value-added services.

Whatever the stakeholder’s nature (citizen, governmental entity, NGO, etc.), we
identify six roles in which they can participate to create value, and in Table 2 we show
how each role participates within the Data Value Network.

14 https://www.fixmystreet.com/
15 http://sunlightfoundation.com/
16 https://okfn.org/
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Data
Discovery

Data
Curation

Data
Interpretation

Data
Distribution

Data
Exploitation

Data Producer X
Data Enhancer X X
Data Publisher X X

Service Creator X X X
Facilitator X X X

Data Consumer X X

Table 2: The Activities in which each Actor participates within the Data Value Network

– Data Producer: A data producer is the entity that creates, obtains, or generates the
data. The role of a data producer can be considered as one of the most important
roles within the Data Value Network, as any activity or action in the network de-
pends on the available data. If the data producer does not obtain relevant data for
the use case at hand, then the Data Value Network will not reach its target to obtain
the intended value out of this data.

– Data Enhancer: This role involves creating value through the actual manipulation
of the data in a way that it is more usable for the target aim. A data enhancer can
influence the outcome of the Data Value Network by adapting the data so that its
highest value potential can be exploited.

– Data Publisher: This role involves the discovery and distribution of the data prod-
uct. This distribution process enables other stakeholders to discover potentially use-
ful data products.

– Service Creator: A service creator entity has the task of using open government
data to provide a service. This can take the shape of a website, a mobile application,
information access points, etc.

– Facilitator: This role involves entities that, in some way or another, aid the other
stakeholders in using, re-using, or exploiting, open government data. This can be
done through the provision of software, services, or other technologies. For exam-
ple, the creator of a government data portal is facilitating the use and re-use of
government data from other stakeholders by organising heterogeneous government
data in a single location.

– Data Consumer: The data consumer role can be considered the final role in the
Data Value Network, however, this is not always the case. For example, when a
consumer gives feedback, the feedback can in turn be used as a data product by
the product manufacturer. In the case of crowdsourcing, the data consumer also has
the role of a curator, blurring the lines between both roles. Actors in the role of a
data consumer can exploit the data product in many ways, as defined in the Data
Exploitation activity.

4.2 Barriers, Enablers, and Impacts of Value Creation

Within the Data Value Network, value creation is both dependent on a number of dimen-
sions, and also results in impact on other dimensions. Based on efforts in the primary
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Fig. 2: Dimensions impacting, and impacted by, Value Creation

studies (See Section 2), and other literature such as [8, 16, 39, 41], we identify the di-
mensions with the strongest impact. Figure 2 maps their relationship, where a number
of dimensions act as enablers or barriers towards value creation. In turn, the value cre-
ation process impacts a number of other dimensions. The stakeholders, while they give
input for value creation, are also impacted through the results of their efforts.

4.2.1 Value Creation Enablers/Barriers: The latter dimensions have a great impact
on value creation in that they control to what extent value is created.

The Technical Dimension mostly regards aspects concerning the data itself. The
format of the data is an essential aspect. Two of the eight Open Government Data Prin-
ciples17, in fact, regard the format in which data is made available to the public. They
state that such data should be available in a machine-processable format which is non-
proprietary. Such data would enable easier and un-restricted use of the data for value
creation. Furthermore, if a format such as Resource Description Framework (RDF) is
used, data ambiguity is reduced due to the format’s expressivity, making the data more
understandable. Additionally, the use of common schema aids to reduce interoperabil-
ity issues caused by the large heterogeneity of the existing data. In order to encourage its
use, data must also be easily discoverable. This is possible through the use of good qual-
ity metadata. The implementation of agreed-upon standards would aid reduce some, if
not most, of the issues within this dimension.

The Policy/Legal Dimension regards issues with existing laws or policies that,
through their ambiguity or due to being out-of-date, prevent data from being used to
create value. On the other hand, well thought out policies encourage and enforce the
creation of value, for example the publishing of data as Linked Data. Fortunately, there
are growing efforts towards amending such laws and policies, but there is still a long
way to go. Copyright and licensing of data can inhibit its unrestricted use. The incom-
patibility of licences, due to the data being created by various entities, further aggravates
the issue. Privacy and data protection is another important aspect. Data providers need
17 http://opengovdata.org/
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to strike a balance between making data freely available, whilst respecting the right to
privacy.

The Economic/Financial Dimension is about aspects related to monetary issues
and mainly concern the data provider and the data publisher roles. Being a relatively
new concept, there might not be any budget allocation specifically for open government
data efforts. In order to foster value creation, governmental entities cannot solely rely
on existing data created in their day-to-day functionalities. Commitment is required,
and hence also finances, for identifying and opening datasets with a high value creation
potential.

The Organisational Dimension is concerned with the strategic aspects of the in-
volved stakeholders. This dimension is especially relevant for governmental institu-
tions. Considering there probably isn’t an institution specifically in charge of open gov-
ernment data initiatives, data can get lost in the various hierarchical levels of a gov-
ernment. Adequate workflows need to be put in place for all the processes within a
government data life cycle.

Finally, the Social/Cultural Dimension regards the feeling of the public towards
open government data. While efforts are well under way to increasing awareness about
the potential of open government data, not all stakeholders are ready to jump on the
bandwagon. Workers within governmental entities might not understand the value of
the data they are gathering/creating. This results in lack of motivation towards providing
this data to the public. Stakeholders can also have misconceptions about the opening of
public data. While open data can be considered as unfair competition for private entities
(who invested to create their own data), public entities might consider the commercial
appropriation of public open data unfair. The public also needs to be further informed
on the advantages of public participation in creating value.

4.2.2 Impacts of Value Creation: As already discussed in the previous sections,
value creation has a number of different dimensions of impact, which in turn affect the
stakeholders. The term public value is used to define “what adds value to the public
sphere” [4], where the public sphere is used to broadly indicate all of the following
dimensions:

Technical Value is simply generated through the implementation of standards and
the creation of services. As more value is created upon government data, the available
data will be of better quality, and value creating services will increase.

Economic Value is defined as the worth of a good or service as determined by
the market [17]. Value creation upon data enables the data itself to be considered as a
product. Therefore, opening government data encourages its re-use in value creation, in
turn stimulating competitiveness in the participating stakeholders and also encourages
economic growth. For example, Mastodon C (a big data company) used open data to
identify unnecessary spending in prescription medicine18. This will result in potentially
huge savings from the National Health Service in the UK.

Social/Cultural Value is created first and foremost through the engagement of the
public in open government data initiatives. The opening of data allows stakeholders to
18 http://theodi.org/news/prescription-savings-worth-millions-
identified-odi-incubated-company
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scrutinise the data and provide feedback on it. If the governmental entities exploit this
feedback, it can result in improvement of citizen services. This sort of participation
also increases citizen social control. Social value is also generated through creating
innovative services based on open government data. For example, the Walkonomics
Application19 uses open data to enable users to identify potential dangers in a street,
such as fear of crime or road safety.

Political Value is created through the stimulation of democratic dialogue. Through
participatory governance, citizens can gain a better insight as to how the governing pro-
cess works. Stakeholders can possibly also participate in improving the policy-making
process. Besides, the efforts of governmental entities to be more transparent and ac-
countable increases citizens’ trust in their government.

Through value creation, stakeholders are hence affected through all of the above
dimensions. In line with the most relevant motivations behind open government data
initiatives20, namely transparency, releasing social and commercial value, and partici-
patory governance, we identify four main levels of impact that are affected by the above
dimensions and can be tangibly felt by the involved stakeholders.

1. Access to Information - Once data is re-used, the most directly tangible impact is
access to information. The innovation and creation of services upon government
data provides all stakeholders with more and more data and information that they
can create value upon. In turn, the increase in availability of data products no only
creates more jobs, but also affects the stakeholders’ quality of life. This level of
impact is directly affected through the Technical and Economic dimensions.

2. Transparency - By enabling stakeholders to create value upon government data,
there can be a considerable increase in transparency. This is directly impacted by
the Social/Cultural and Political Dimensions. Citizens are not only able to scruti-
nise data, but also create value upon it by providing relevant feedback. This sharing
of responsibilities will allow them to interact with the government more actively,
providing them with an opportunity to further exercise their duty and right of par-
ticipation.

3. Accountability - Similarly to transparency, the creation of value on government
data allows stakeholders to assess the legitimacy and effectiveness of the govern-
ment’s conduct. This helps citizens to establish a trusting relationship with the gov-
ernment. Affected by the Social/Cultural and Political dimensions, accountability
enables citizens to be aware of how they are being governed, and have the relevant
justifications.

4. Democratic Governance - Value creation on open government data not only pro-
motes transparency and accountability, but also democracy. By participating in an
open government initiative, stakeholders can provide feedback. The latter not only
informs the governmental entity of the public opinion, but can also be used to im-
prove service delivery. Affected by the Economic and Political dimensions, demo-
cratic governance essentially provides citizens with more social control.

19 http://www.walkonomics.com/
20 http://opengovernmentdata.org/
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5 Linked Data

In recent open government data initiatives, Linked Data practices are being followed
by an increasing number of data publishers/providers such as data.gov.uk and
data.gov. Yet, the use of Linked Data in open government initiatives is still quite
low [35]. This might be due to a number of reasons, as the use of Linked Data is a
process involving a high number of steps, design decisions and technologies [40]. We
here investigate the advantages and benefits of using Linked Data practices in an open
government data initiative.

The term Linked Data is used to refer to a set of best practices for publishing and
connecting structured data on the Web [5]. Therefore, Linked Data is published on the
Web in a machine-readable format, where its meaning is explicitly defined. It is also
linked to and from external datasets. This has the potential of creating the Web of Data
(also known as Semantic Web); a huge distributed dataset that aims to replace decen-
tralized and isolated data sources [13]. The benefits of applying Linked Data principles
to government data as covered in literature include [10, 18]:

– Simpler data access through a unified data model;
– Rich representation of data enabling the documentation of data semantics;
– Re-use of existing vocabularies;
– Use of URIs allow fine-grained referencing of any information;
– Related information is linked, allowing its unified access.

While significant efforts in literature cover advantages of using Linked Data (for
example [11,14,35,36]), there is no evident effort targeted towards the benefits of using
Linked Data specifically in open government data value creation. We here therefore
proceed to focus on the value creation techniques described in Section 4 and the benefits
provided through the use of Linked Data. While still having similar barriers, enablers,
and impacts, as described in Section 4.2, the use of Linked data can result in different
levels of impact, since the use of Linked Data techniques directly reduces some barriers
of the technical level.

5.1 Linked Data as a Basis for Value Creation

Linked Data and Semantic Web technologies have the potential of solving many chal-
lenges in open government data, as well as possibly lowering the cost and complexity
of developing government data-based applications.

Starting from the most common starting point of creating value, in general, data
generation is the least impacted from the use of Linked Data since essentially the data
is still being created. Data procurement is similarly not impacted to a high level. Yet,
the data gathering process can be enhanced through the use of Linked Data. Consider
the example of providing feedback based on a linked open dataset consisting of budget
data. The use of Linked Data enables feedback providers to have further context on
the available data through the links. This would aid them in making a more informed
decision. Furthermore, the high level of granularity of Linked Data has the potential
of providing a deeper insight on the resource at hand. Also, since the data publisher is
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not necessarily the data provider, Linked Data will enable the access to primary data
through the use of provenance information located within the metadata. In the case of
data selection, the use of Linked Data is particularly useful in querying for subsets of an
existing dataset. Query languages such as SPARQL enable actors to generate complex
queries and get very specific subsets of data.

The value creation techniques within the Data Curation activity are some of the
highest impacted techniques within the Data Value Network through the use of Linked
Data. Linked Data is based on models (schema) or ontologies that are best suited to
represent the data at hand. In this way, the organisation of data is very easily achieved
through the manipulation of the model at hand. If an entity is working with Linked
Data, we can safely assume the data is represented in a semantically rich, machine-
processable format. Hence, links with or between other datasets are more easily identi-
fied through the implemented models, and thus, the data linking process is simplified.
Thereafter, data integration and merging follow easily through joining the existing
models. Through the use of the standards required to obtain Linked Data, the fitness for
use of data, and hence its quality, is immediately increased. For example, data ambi-
guity is decreased through the use of a semantically rich format, and data consistency
can be ensured through the implemented data model. Moreover, in some instances, the
quality assessment of data (and the ensuing data repairing/cleaning) can be more easily
executed. For example, having a model for a linked dataset enables a stakeholder to
assess the schema completeness for the dataset. Linked Data also enables (semi) au-
tomated cleaning and repairing of datasets through the use of reasoners. In this way,
the violation of logical constraints is easily identified through the dataset’s underlying
model. Through the use of metadata, a consumer can also check the provenance of the
data, and ensure that it is a reliable source. Timeliness and versioning information can
be obtained in the same manner.

Having Linked Data means that the available data already conforms to some stan-
dards with regards to formatting, however this does not necessary make it easier to seri-
alise to other formats. Yet, the use of agreed-upon standards positively affects the acces-
sibility, discoverability, and re-usability potential of the data in question. Since Linked
Data standards demand the use of a semantic representation such as RDF, Linked Data
is automatically more accessible than other standards such as CSV or PDF. Data analy-
sis, is also enhanced through the use of Linked Data. As explained above, Linked Data
enables easier integration and merging of datasets, which in turn affect the implemen-
tation of analysis techniques. Moreover, through the existence of links it is easier to get
further context and information on the data at hand, enhancing pattern identification.
Similarly, the use of Linked Data in information/knowledge extraction also provides
further insight and context to actors through links between the datasets, and within
datasets themselves. This increased information directly affects the data interpretation
process, as the data consumer can interpret the data in a more informed manner, and
generate knowledge from the existing information.

The aim of the value creation techniques within the Data Distribution activity is
to make the data more accessible as a data product. As mentioned above, the use of
Linked Data standards automatically makes the data more accessible and discoverable.
Hence, stored or published Linked Data has the potential to be easily accessed and
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manipulated through a variety of manners, such as RESTful APIs and public endpoints
(queryable through SPARQL). This means that while Linked Data alternatives might
require a consumer to download a data dump, the use of Linked Data enables the same
consumer to access the specific subset of data he/she needs, and manipulate it easily.
Additionally, each data resource is dereferenceable, i.e. the resource URI can be re-
solved into a web document on the Web of Data. The sharing of data is also impacted
through the use of Linked Data technologies, as the links in between different datasets
make them more easily discovered through the crawling of web resources, which po-
tentially could lead to the addition of the dataset to the more known LOD cloud21.

Data Exploitation is possibly the activity that has the highest impact from the use
of Linked Data. Similarly to the knowledge/information extraction process, question
answering and decision-making are enhanced through the existence of links and the
provision of further context. Hence a more informed stakeholder is more capable of
making the best decision, or obtaining the best answer for the problem at hand. The
creation of visualisations is also affected through the existence of links between multi-
ple datasets. Visualising a dataset against a related dataset has the potential of providing
the consumer with a new and different understanding of the data. Finally, service cre-
ation on top of Linked Data has the advantage of easier data consumption (through the
use of standards), and more interoperability.

The above benefits of using data for value creation are only a few, yet they collec-
tively encourage and enhance the exploitation of open (government) data. Of course,
this does not mean the implementation of a Linked Data approach does not have its
challenges. Various efforts in literature, such as [36], provide discussions on the topic.

5.2 Use Case of Linked Open Government Data

publicspending.net is a data portal created with the scope of demonstrating the
power of economic Linked Open Data in analysing the situation with regards to market,
competition conditions, and public policy, on a global scale. The creators of this portal
consume and create value upon public spending data of seven governments around the
world. Results of the analysis led on the data are then published on the portal as tables,
graphs, and statistics. The stakeholders here participate through all six value-creating
roles described in Section 4.1 and execute value creation processes accordingly. Firstly,
the public spending data is produced by the various governments (Data Producers). The
data is then subject to pre-processing and data-preparation. Through the role of a Data
Enhancer, the stakeholders here homogenise and link the data through the Public Spend-
ing Ontology and other widely used vocabularies such as Dublin Core and FOAF. The
resulting data in RDF is then published (Data Publisher) on the portal and is available
both as bulk datasets and through a SPARQL endpoint. The Data Facilitator Role and
the Service Creator Role are then fulfilled through the application built on top of the
data. These stakeholders use the internal data, along with other cross-referenced and
external data, to provide a portal acting as an information point. Finally, the Data Con-
sumer can view and exploit the provided data in a myriad of ways, including exploring
and scrutinising spending data that giving them a good insight as to what is being spent,

21 http://lod-cloud.net/
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where, and by whom. Such an open government data initiative enhances accountabil-
ity and prevents corruption since it aids citizens to be more informed about how their
country is being led, and if it is being led in a suitable manner. This can also help them
decide who to vote for in an upcoming election.

6 Risks of Open Government Data

Whilst there are certainly numerous benefits and advantages of opening government
data and creating value upon it, there still are a number of challenges that deter such
initiatives from being successful and reaching their full potential, such as this discussed
in Section 4.2. Moreover, if an open government data initiative is not implemented
properly, the opening of data might also pose risks to some of the involved stakehold-
ers. Within itself, this deters stakeholders from participating within an open government
data initiative. We here proceed to outline some of the major risks of opening govern-
ment data and creating value on it.

Conflicting regulations: Open government data initiatives have only become pop-
ular in recent years. Whilst there is certainly an increasing effort towards establishing
policies, many open government data initiatives still belong to existing legal frame-
works concerning freedom of information, re-use of public sector information, and the
exchange of data between public entities. The risk here lies in the uncertainty of how
such initiatives can interact. This issue concerns both data consumers, who are unsure
how the available data can be used, and the data producers, who end up being scep-
tical of fully opening up their institutions’ data, even if it is covered by a clear legal
framework [33].

Privacy and Data Protection: Data protection and the right to privacy have some
essential conflicts with the aims behind an open government data initiative and its moti-
vations of transparency and accountability [23, 33, 41, 42]. Published data can certainly
be anonymised, yet the merging or linking of different datasets can still possibly result
in the discovery of data of a personal nature. For example, if garbage collecting routes
are published, along with the personnel timetable, a data consumer would be able to
identify the location of a particular employee. This issue requires more research in or-
der to come up with guidelines that can provide a solution to this conflict, however a
plausible approach would be to employ access control mechanisms which regulate data
access. However, this restricts the openness level of such data.

Copyright and Licensing: The issue here lies with the incompatibility of used li-
cences and copyright inconsistencies. Efforts in open government data initiatives strive
towards publishing data in an open format, allowing the free and unrestricted use, re-
use, and distribution of data. Since there are no agreed-upon standards, this results in
a myriad of licenses that although all are of an open nature, they can be incompatible
between them as they might contain restrictions that prevent data with different licences
from being merged. Unclear dataset ownership resulting from data sharing, for exam-
ple between different levels of public entities, results in copyright inconsistencies that
hinders data from being published, as the rightful owner of the data is unclear [8, 42].

Competition: There are two perspectives to this risk: (i) open data can be consid-
ered as unfair competition for private entities, and (ii) public entities might consider
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the commercial appropriation of public open data unfair [33]. In the first perspective
consider business entities who invested in creating their own data stores. If the same
data they created is made public through government open data initiatives, these com-
panies will obviously deem it to be unfair competition as there is the possibility of new
competitors who did not need to invest anything but could get the freely available open
data. Thus, management mechanisms need to be applied in order to ensure that private
companies do not suffer financial consequences due to opening up their data. On the
other hand, public entities might be reluctant to publish their data openly due to not
wanting data belonging to the public (and paid by taxes) to be used for commercial
gain. A possible approach for the latter issue is to provide the data for a nominal fee.
Yet, this limits the openness of the data in question.

Liability: Mainly, this risk is limited to data providers. The latter, in the context
of this paper governmental entities, fear being held liable for damage caused by the
use of the provided data due to it being stale, incorrect, or wrongly interpreted [12,33].
To cater for this fear, many public entities either do not publish their data or otherwise
impose restrictions on its use, resulting in data which is not truly open. In the worst case,
due to fears of data being used against the publishing entity, such data might not even
be collected/generated any longer [42]. A possible solution for these issues is to enable
social interaction with regards to the data in question. A community of stakeholders
within the data platform where the data is published can aid data consumers to better
interpret and exploit the published data.

Considering the above risks or negative impacts, it is vital to find a trade-off for
open government initiatives. One must keep in mind the numerous benefits associated
with open data, but also cater and prepare for any risks, challenges and issues.

7 Value Creation Assessment Framework

In order to assess the success of open government data initiatives, there exist a large
number of assessment frameworks that aim to evaluate the effectiveness of an initiative
in achieving its goals and objectives. Yet, rather than assessing the resulting impacts
of such an initiative, real-life assessments, as documented in literature (See Section 2),
mostly involve checking whether open government data initiatives are obeying existing
policies and regulations [34]. Since the latter are not necessarily up to date with current
technologies and approaches, this assessment is not really representative of the success
of an initiative.

Consider the example of a government publishing the data in PDF. While the en-
tity would be obeying existing laws requiring opening up such data, the use of PDF
makes it pretty inconvenient for re-use and re-distribution. In this case, one could argue
that the open government initiative is not really a success. For this reason, a number
of assessment frameworks analyse open government data initiatives based on differ-
ent criteria [6, 21]. The latter include nature of the data, citizen participation, and data
openness. In [2] we give a more in depth overview of existing assessment frameworks
in literature. While there is still the problem that there is no agreed-upon assessment
framework to evaluate open government initiatives, there is also limited literature (such
as [38]) that focuses on the impact of value creation. Considering many resulting bene-
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Fig. 3: Aspects assessed in existing frameworks (blue), aspects for Value Creation As-
sessment Framework (Red)

fits of open government data depend on the creation of value (through the execution of
one or more value creation techniques), we deem it essential to assess open government
data initiatives on their potential for enabling value creation.

In Figure 3 we provide an overview of commonly evaluated aspects (in blue) of
an open government data initiative extracted from our primary studies. These mostly
concern implementation aspects, such as the format of the data, and how the initiative
respects the requirements set from existing laws and policies. The bottom part of the
figure portrays the missing aspects (in red), i.e. those that are not considered when
evaluating the success of an open government data initiative. We propose the latter
aspects (together with a couple of aspects that are already being assessed) as part of
a Value Creation Assessment Framework. The aim of this framework is to provide a
guideline as to what aspects of an open government data initiative should be assessed to
determine the potential of an open government data initiative to enable value creation,
and thus exploit open government data to its highest potential. Here we briefly describe
the aim of each aspect.

– Data Format: Formats such as CSV and RDF are much more usable then PDF. This
is because they allow easier re-use of the represented data.

– Data Licence: Other than allowing for reasonable privacy, security, and privilege re-
strictions, data has the highest value creation potential if it is not subject to any lim-
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itations on its use due to copyright, patent, trademark or other regulations. Hence,
data with an open licence has the best value creation potential.

– Data Ambiguity: Data ambiguity is reduced when a representationally rich format
(e.g. RDF) is used.

– Data Accuracy: The extent to which data accurately represents the respective in-
formation.

– Data Completeness: Data is complete when all required information is available,
for the representation of the data in question.

– Data Discoverability: This aspect depends on the metadata annotating the data in
question, and enables stakeholders to more easily find data that is relevant to their
needs. Data Discoverability is also affected by the search functions provided by a
government portal or catalogue.

– Data Diversity: In the Linking value-creation process, the use of diverse datasets
has the potential of releasing new insights or unforeseen results.

– Background Context: The linking of datasets provides further context to the data in
question, enabling stakeholders to have a deeper understanding.

– Use of Standards: Using agreed-upon standards throughout the life-cycle of gov-
ernment data encourages data re-use and integration.

– Variety of Access Options: Providing various access options to the available data,
such as APIs and SPARQL endpoints, encourages stakeholders to create value upon
the data as they are able to access the data in their preferred manner.

– Data Timeliness: Certain data might only be valuable if it is made openly available
shortly after its creation.

– Innovation: Creating new products (data or otherwise) based on open government
data is a direct impact of value-creation. Innovations include services and applica-
tions.

– Generation of New Data: The value-creation techniques in the Data Exploitation
Process can result in the generation of new data, such as visualisations, that provide
new interpretations or insight on the existing government data.

– Rate of Re-use: The participation of stakeholders in consuming the data is essential
for value-creation. There is no use in having data made openly available if it is not
exploited. The rate of re-use of open government data is directly indicative of the
value-creation potential in the assessed initiative.

Since one of the major aims of open government initiatives is the release of social
and commercial value, we deem that the proposed aspects are vital to determine the
success of an initiative. Hence, these value creation impact aspects are used to assess
the potential value that can be created through the use of the data product created as a
result of each step within the Data Value Network.

7.1 Value Creation Assessment Framework in Action

In this section we implement the proposed assessment framework on two open gov-
ernment data initiatives, namely www.govdata.de and www.gov.mt, in order to
portray its relevance and applicability in the context of value creation on open govern-
ment data. Keeping in mind that this implementation is acting as a proof of concept, we
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restrain our metrics to assess the portal on a high level, as we consider a through and
more accurate implementation to require significant more research. We therefore base
the provided metrics on ground research. In Table 3 we provide a description of the met-
rics used, and the results of the portals22. We assign marks according to the assessed
aspect, and where relevant we average the marks out based on the number of available
datasets. For example, to assess the data format of eight datasets, if four datasets are
in RDF and linked to other datasets (4 x 5 marks) and four datasets are in CSV (4 x 2
marks), then the result for the data format aspect is 3.5 marks.

Having a value-creation potential of 13.56 marks out of 20, www.govdata.de
can do with some improvements, especially with regards to the use of RDF and the
linking to other documents. The portal could also benefit from enabling users to both
create new innovations or data through the portal itself, and also from providing some
sort of documentation to both portray any innovations based on the data in question. In
summary, www.govdata.de is on the right track towards the opening of governmen-
tal data, however it definitely requires more effort towards encouraging stakeholders to
create value upon the published data.

On the other hand, www.gov.mt does not really excel in publishing government
data. Apart from providing very few datasets, some require logging in with a government-
issued e-id to download, and others are not even available (404 error given). Moreover,
no search functions are provided to aid a user search within the provided datasets, such
as a faceted browser. Whilst there is a statement encouraging stakeholders to innovate
upon the data, no actual data licence is provided, leading room towards uncertainty.

8 Concluding Remarks

The main challenge in public value is that open data has no value in itself, yet it be-
comes valuable when it is used. In our information society, value creation processes
have the potential of extracting the maximum value from data by building on its intelli-
gent use. All stakeholders of value creation can participate through different roles, yet
they have one common goal; that of creating a data product. Different dimensions im-
pact the creation of such a product, namely technical, policy/legal, economic/financial,
organisational, and cultural. Some of these dimensions are in turn also impacted by
value creation. The use of Linked Data in creating value enhances the process, and also
aids us to gradually proceed through various degrees of data products: starting with
data, to information, and ultimately to knowledge. In order to truly assess the value cre-
ation process of an open government initiative, we propose an assessment framework
that focuses on the potential impact achievable from a data product generated through
a value creating process, and implement it on a high level on two government data por-
tals. As future work we intend to further explore more accurate metrics that can be used
to assess the suggested aspects within the framework. Step by step the vision of having
open government data exploited to its full potential can be acquired.

22 As per 29th of December 2015
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