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FOCUS: GUEST EDITORS’ INTRODUCTION

ENGINEERS REQUIRE HIGH-
quality data for the design and im-
plementation of today’s software,
especially in the context of machine
learning (ML). This puts an emphasis
on the need for the publication and
sharing of data from and between or-
ganizations, public as well as private.
Following the paradigm of open inno-
vation, open data provide a mechanism
to increase the availability of informa-
tion, offering utility and improving in-
novation and user choice through the
inevitable interoperability this enables.
Consistent with previous work,
this editorial defines open data as ma-
chine-readable information proactively
shared on the Internet under a license
that gives people the right to use, pro-
cess, and distribute the material to any-
one and for any purpose.! The open in
open data highlights the potential for
innovation and collaboration, which
can range from sharing new and con-
nected data sets (including metadata)
to quality assurance, or the enrichment
and life cycle management of informa-
tion. Collaboration facilitates related
standards and formats for sharing and
use [commonly in the form of open
source software (OSS)], and it extends
to the platform (i.e., software and in-
frastructure) that is employed.
However, collaboration through
openly sharing data sets is also complex
and challenging. For example, it may
be unclear which data sets are used for
software and application development.
Furthermore, open government data
have barely been studied from a soft-
ware development perspective. As a con-
sequence, there is a lack of insight into
the requirements of the software devel-
opment community and how it leverages
open data,? although an understanding
has begun to emerge in the literature.3
This special issue of IEEE Software
focuses on the collaborative aspects of
open data in software engineering.

Collaboration on open data often oc-
curs in what is called open data ecosys-
tems (ODEs), where OpenStreetMap
and Wikidata are two popular ex-
amples. These ecosystems represent
a form of networked communities of
actors (organizations and individuals)
that base their relationships with one
another on common interests.* Com-
mon interests create and provide free
geographic data in the case of Open-
StreetMap and a free knowledge base
that can be read and edited by humans
and machines in the case of Wikidata.
An ODE is commonly supported
by a technological platform that en-
ables actors to process data (e.g., find,
archive, publish, consume, and reuse)
and foster innovation, create value, and
support new businesses. Actors collab-
orate on data and boundary resources
(e.g., software and standards) through
the exchange of information and arti-
facts. In the cases of OpenStreetMap
and Wikidata, their respective plat-
forms are openly available, including
boundary resources, such as software
for publishing and managing data.
Another essential characteristic of
an ODE is how its governance is estab-
lished, and we differentiate between or-
ganization-centric, consortium-based,
and community-based approaches.*
OpenStreetMap and Wikidata are
community based, where governance
is spread among members of the eco-
system. In organization-centric and
consortium-based ODEs, governance is
concentrated with a single actor or a set
group of actors, which are commonly
public or private organizations with
similar business interests in the data
shared within the ecosystem. Examples
from research can be found within do-
mains such as the labor market, public
transport, smart cities, and Industry

4.0, where public and private organi-
zations hold and share governance in
different constellations.3

Several actors may be involved in
the collaboration in an ODE, creating
a value chain ranging from data pro-
viders to information users. Lindman
et al.’ identified five roles in this type
of collaboration: open data publishers,
data extractors and transformers, data
analyzers, user experience providers,
and support service providers. These
are needed to get a fully functional
pipeline from data to user service, and
they may be filled by actors within or
across organizations. A data publisher
is commonly a public entity, as sharing
open data from private parities is not
yet a common phenomenon.*

As with all aspects of digitaliza-
tion, open data involve collaboration
between actors with competence in
the digital domain and parties knowl-
edgeable in the application domain.
Successfully combining digital com-
petences with application domains
requires willingness and an ability to
cross cultural and language barriers.
Further, as legal conditions for the
use and spreading of data are founda-
tional for data-driven software devel-
opment, an ability to understand and
communicate with jurists is essential.

Collaboration on open data has poten-
tial to generate value similar to OSS and
other types of open innovation. This
comes as an effect of tapping the wis-
dom of the crowd and exploiting the
potential workforce within and outside
an ODE. From a cost-saving perspec-
tive, the potential external workforce
may help with tasks such as provid-
ing, collecting, processing, and pub-
lishing data.* As highlighted, an ODE
can resemble a value chain, where the
raw material of data gets enriched and
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processed in a collaborative manner.’

Reaching outside an ODE, crowdsourc-
ing as well as mass collaboration can be
used to increase participation and team-
work among external individuals.®

From a quality perspective, collab-
oration on open data, e.g., can help to
address and correct errors, and it can
add information through annotations
and other kinds of metadata.* As a
consequence, the quality of ML train-
ing sets and software that use the data
will be improved. This applies to open
governmental data, where users may
help improve information quality for
public agencies.

From an innovation point of view,
the potential for increased access to high-
quality data can help provide new and
extended training sets for ML-based ap-
plications as well as feature sets for other
forms of data-driven software (e.g.,
Google Maps). Innovation can be ac-
celerated, as new use cases and markets
may be extended or created for an ODE.
Furthermore, collaborating through
open data may lower entry costs for ac-
tors aiming to utilize data to offer ser-
vices, help catalyze new entrepreneurial
efforts, increase transparency and ac-
countability, and transform incum-
bents and public organizations through

improved decisions and services.”

Sharing and collaborating on open
data bring a number of challenges,
technical and process-oriented as well
as cultural and business-oriented.* In
the following, we highlight a few of the
challenges that practitioners may need
to consider within an ODE or when
thinking of entering or creating one

Business and Competition Aspects
From a business perspective, an
important challenge concerns the

motivation of why a data set should
be shared in the first place.® There
needs to be incentives that align with
a company’s business model. Practi-
tioners thus need to understand the
aforementioned benefits and be able
to contextualize them in their own en-
vironment and relate them to relevant
business goals.

The benefits need to be nuanced
and weighed against the potential
costs and risks of releasing the data.
Costs may be related to the data
management life cycle, i.e., the col-
lection, processing, quality assur-
ance, sharing, and distribution of
the information. As with OSS, these
costs as well as the potential benefits
relate to the amount of collaboration
that actually takes place. Hence, ac-
tors within an ODE must find ways
for facilitating and orchestrating sus-
tainable collaboration and sharing.

A specific challenge for such collab-
oration is the notion of coopetition,*
i.e., a space where business rivals
can work with one another without
being afraid of giving away or losing
their competitive edge,® which can be
a significant obstacle to commercial
data sharing. Researchers and com-
panies may not be willing to openly
share their data about novel software
innovations and services since this re-
duces their ability to commercially
exploit them.” On the other hand,
commodity data may be a basis for
coopetition, as, for example, Open-
StreetMap demonstrates.

To manage and enable such co-
opetition, there may be a need for a
neutral governance actor within the
ecosystem that can mediate discus-
sions, craft a common vision, and
help actors share data that every-
one is comfortable with.? The latter,
commonly referred to as selective re-
vealing, can mean, e.g., that only cer-
tain abstractions of data are shared.

Technical Aspects

The potential collaboration aspects
also bring up a number of more tech-
nical challenges.* One concerns the
collection of data and how to ensure
their quality. Some scholars indicate
that data sets of insufficient quality
may be misinterpreted or misused,!?
rather than improving the quality of
software. Common domain models
and standards for how data are shared
and used, as well as transparent pro-
cesses and OSS tools for the collection
and enrichment of information, ad-
dress this challenge.

Introducing feedback loops within
an ODE and toward end users is an-
other means, which is specifically high-
lighted and addressed by Rudmark
and Andersson in this special issue.
Versioning data is another practical as-
pect that needs consideration to enable
decentralized collaboration, similar to
what can be observed in OSS ecosys-
tems. Worthington et al. explore this
topic further in their contribution.

Cultural, Organizational,
and Legal Aspects
Cultural and organizational aspects
form another set of challenges,* e.g.,
aligning strategic and operational
levels within an organization about
what data to share. Individuals may
have different views and understand-
ings of the risks and benefits that
sharing would imply. These chal-
lenges may also manifest in the col-
lection of and collaboration around
information, as, again, individuals
of different backgrounds and cul-
tures may have unaligned perspec-
tives. This is further explored by
Thurnay et al., who highlight the
need for practitioners to educate one
another based on their different do-
main knowledge and understanding.
Another set of challenges relates
to legal conditions.* Organizations
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may be reluctant to share data due to
uncertainty about liability and what
licenses may imply in practice. The
risk of legal complications due to the
General Data Protection Regulation is
a specific and common concern under
European legislation. Companies, for
example, collect and maintain con-
siderable proprietary employee and
customer data that they may be reluc-
tant to share through collaborations.’
Enabling individuals to gain control of
how their data are shared (see https:/
mydata.org) may be one way of ad-
dressing this difficult challenge, an
area that is further explored by
Alorwu et al. in their contribution.

This special issue covers different top-
ics related to collaborative aspects of
open data in software engineering. Of
the nine submitted papers, we selected
four. We applied a rigorous review
process to each article, including a re-
view by at least three experts. We sum-
marize the articles in the following.
The first one deals with originators
of data. Alorwu et al. elaborate on the
contributors of crowdsourced data in
the health domain. Open health data
may be used for research and as inputs
for software solutions. The authors
surveyed 80 participants who previ-
ously donated health data to a deci-
sion support system, asking about their
willingness to donate information for
public use. They find that donators,
despite giving information as “open,”
wanted to influence what, by whom,
and where their data were used. The
respondents voice limited trust in pri-
vate stakeholders, such as pharmaceu-
tical and insurance companies, and
raise privacy concerns. The authors
conclude by connecting these concerns
with the MyData initiative, providing
mechanisms for donors to keep control

of their information while still allow-
ing it to be used for certain purposes.

Next, Rudmark and Andersson
focus on the quality of data and the
role feedback loops may have in im-
proving it. Feedback may be given
by data publishers themselves and
by data users. Further, feedback may
come from internal and external uses.
With examples from public transport
information, the authors present data
dogfooding, where providers use their
own information; external application
monitoring, where providers monitor
how their data are used in other ac-
tors’ applications; community cura-
tion, where actors work together on
improving data quality; and external
quality proxies, which involves letting
an external actor check data before
publishing them. These approaches
are applicable depending on the char-
acteristics of a data ecosystem.

The need for data users to under-
stand what has changed is addressed by
Worthington et al. They report a case
involving open customs tariff data and
observe users’ strategies to overcome
a lack of change information. Based
on their observations, the authors out-
line three approaches to communicate
changes in open data sets: 1) publish
change information as a “sidecar,”
i.e., outside the core system as a sepa-
rate information entity, 2) publish ver-
sions with change tracks as an HTTP
application programming interface end
point to be consumed by users, and 3)
integrate versioning into databases and
allow users to query changes. The case
demonstrates how important it is that
open data not only are published but
set under version control.

In the fourth article, Thurnay et al.
address the cross-discipline com-
munication and collaboration needed
to create an ODE. They created a
database of legal documents in Aus-
tria and report their lessons from

collaboration between law experts
and technology experts. They were
surprised by how much implicit do-
main knowledge each category expert
had and how much effort it took to
bridge the gap. However, they took
the role of teacher for one another,
and the technology experts gradually
became genuine experts in the narrow
field of law, while the legal experts
were able to read Python source code
implementations of text processing.

Demand for high-quality data is grow-
ing as are the costs and resources for
collecting and managing information.
As a response, open data offer a new
arena for collaboration and innova-
tion, similar to OSS. Yet, software en-
gineering practices have not kept pace
in terms of enabling such collabora-
tion. In part, there is a need for the
evolution of ODEs, similar to open
source communities, that can facilitate
collaboration and data sharing among
actors, independent of aligning and
competing interests.

Challenges include technical, cul-
tural, organizational, and legal aspects,
as explored by the four articles in this
special issue. Together, the articles
clearly show that creating ODEs is a
sociotechnical endeavor, and they pro-
vide practice-based recommendations
to mitigate problems that might appear.
The request for high-quality informa-
tion for a multitude of data-driven ap-
plications will not decline, and open
data crowdsourcing, quality assurance,
version control, and collaboration will
continue playing a central role in the
future of software engineering. @
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