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Is it ????
• Claim by Clive Humby, at 

Tesco, 2006 
• Lubrication or fuel? 

Data is not “burnt”, it is 
non-rival

(CC BY-SA 2.0) Gerd Leonhard 

Yes, it is!
• Data fuels businesses
• Data needs refining
• Data creates oligopolies



Data challenges and opportunities

• Costs for data maintenance, 
quality assurance and
annotation is a challenge 

• Data will gradually become 
commodity for some 
functionality

Data sharing?

 July/August 2009   I E E E  S O F T W A R E  79

This approach is basically an open way to develop 
software, but with a more restricted scope—that 
is, the !rst two columns of Figure 1. Similarly to 
open source development, inner-source develop-
ment applies an open, concurrent, collaboration 
model. It implies distributed ownership and con-
trol of code, early and frequent releasing, and 
many continuous feedback channels. It exploits ex-
isting organization mechanisms—for example, for 
dealing with con"ict escalation or setting up road-
maps. Inner-source development enables "exibility 
in starting, stopping, and changing collaborations 
and in timing and setting priorities of development 
teams across organizational (and geographical) 
boundaries.

Open Source Development:  
Two Case Studies
The following case studies illustrate how large 
European companies have leveraged open source 
practices to address the shift toward open collabo-
ration. In particular, we describe the related soft-
ware’s evolution through the landscape of Figure 1.

Philips, Agfa, and the DICOM  
Validation Toolset
Medical imaging for diagnostic purposes has 
been subject to standards since the end of the 
1980s. David Clunie, a surgeon, needed to in-
terchange images made on equipment from dif-
ferent manufacturers. He started the standard-
ization of medical-image interchange, which 
resulted in the Digital Imaging and Communi-
cations in Medicine Standard (DICOM, http://
medical.nema.org).

Around 1995, most medical-imaging soft-
ware didn’t support DICOM, and interoperabil-
ity wasn’t standard. So, DICOM support was an 
added value for medical-equipment companies. 
Each company made its own implementation re-
garding image transmission, reception, and stor-
age according to the standard. At that moment, 
DICOM support was at the top left of Figure 1.

Around 2000, the companies’ clients all 
needed interoperability and expected DICOM 
support; without it, the clients wouldn’t buy their 
products. Because interoperability was important 
for clients (hospitals), it was useful for everybody 
to be able to exchange images with any equip-
ment from any company. So, the software moved 
to the middle row in Figure 1—it became basic 
for business. To deal with this situation, develop-
ment also needed to move from the left column 
to the middle column in Figure 1 (that is, from 
intracompany to intercompany development).

In 2001, Philips and Agfa started to develop a 
reference implementation of a DICOM standard 
validation toolkit (DVTk) and make it available 
as free binary (freeware), to be shared with com-
petitors. (DVTk checks DICOM conformance, 
and its functionality is necessary for any company 
that supports DICOM interoperability. With the 
toolkit, checking for interoperability with com-
petitors’ equipment takes less effort.) This move 
meant that two companies shared development 
and maintenance and that everybody could check 
conformance to DICOM in the same way. How-
ever, at that time, the toolkit’s development was 
still proprietary.

A few years later, DVTk no longer provided 
added value to products. It became a commod-
ity; that is, it resided at the bottom row of Fig-
ure 1. Validation software was still crucial, but in 
principle everyone could do it. So, a move to the 
right column (to open source software) was also 
appropriate.

In 2005, Philips and Agfa made the toolkit 
source code open source (www.dvtk.org) un-
der the LGPL (the GNU Lesser General Public 
License) on SourceForge. This enables sharing 
development and maintenance on a much wider 
scale. In particular, this move led to faster  
development and maintenance, especially for 
those parts of DICOM that were more generic 
and not targeted speci!cally at Philips’ and 
Agfa’s needs. This software is still domain spe-
ci!c, but the involved companies regard it as a 
commodity. For instance, Paul Nagy lists it as 
an important piece of OSS for medical digital-
imaging systems.14
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Figure 1. The landscape 
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Technology 
commodi!cation makes 
open collaboration 
valuable.

Lundell et al. Commodification of Industrial Software: A Case for Open Source, 
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Open Collaborative Data – using OSS principles to share data in SW engineering
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Abstract—Reliance on data for software systems engineering
is increasing, e.g., to train machine learning applications. We
foresee increasing costs for data collection and maintenance,
leading to the risk of development budgets eaten up by com-
modity features, thus leaving little resources for differentiation
and innovation. We therefore propose Open Collaborative Data
(OCD) – a concept analogous to Open Source Software (OSS) –
as a means to share data. In contrast to Open Data (OD), which
e.g., governmental agencies provide to catalyze innovation,
OCD is shared in open collaboration between commercial
organizations, similar to OSS. To achieve this, there is a need
for technical infrastructure (e.g., tools for version and access
control), licence models, and governance models, all of which
have to be tailored for data. However, as data may be sensitive
for privacy, anonymization and obfuscation of data is also a
research challenge. In this paper, we define the concept of Open
Collaborative Data, demonstrate it by map data and image
recognition examples, and outline a research agenda for OCD
in software engineering as a basis for more efficient evolution
of software systems.

I. INTRODUCTION

“Data is the new oil” is a mantra coined by Clive
Humby1 in 2006. In the last decade, an enormous amount of
companies have grown based on Big Data. With the growing
interest in machine learning, the data becomes an input to the
engineering of software, in that the behavior of the software
is defined and modified based on training data over time.

“Software is eating the world” is another mantra, this
coined by Marc Andreessen in 2011 [1]. One aspect of
this statement is that software is eating the R&D budget
of companies, especially commodity software. As a con-
sequence, less is left for differentiating features, as identi-
fied by Bosch [2] in his three layer product model (com-
moditized, differentiating, and innovation layers). To stay
competitive, Bosch advices that companies should “make
a clear distinction between the layers and thus to allocate
resources appropriately to encourage development at the
upper [innovation] layer.”

Combining these two trends, i) the growing reliance on
data, and ii) increasing costs for software maintenance, leads
us to claim that data also adheres to the three layer model
of commodity, differentiation and innovation, and that costs
for data maintenance is an upcoming challenge for software

1UK mathematician and architect of Tesco’s Clubcard

companies. The cost of curating and maintaining data, will
sooner or later exceed its business value.

One approach to adress this issue in software, is open
sourcing what has no or little differentiating value anymore.
Thereby, the maintenance costs may be shared by multiple
companies using the commodity software. As a results,
more differentiation can be achieved, and other positive side
effects of open innovation may be gained [3], i.e., inflow of
ideas and knowledge for innovation. In fact, studies show
that the inflow of innovation may be the dominating gain
even if the open sourcing was initiated to save costs [4].

We therefore propose Open Collaborative Data (OCD) as
an approach to share data and reduce maintenance costs for
software companies, under kept or improved competitive-
ness, similar to open source software (OSS). Paraphrasing a
definition of OSS [5, p.5], Open Collaborative Data (OCD)
is a type of digitally stored data which is released under a
license in which the copyright holder grants users the rights
to study, process, and distribute the data to anyone and for
any purpose.

While OCD is inspired by OSS, software engineering
research has to adress several technical and managerial
challenges in relation to OCD, where it differs from the
OSS counterpart. There are initiatives, like Open Knowledge
Foundation2, which provide guidelines for sharing data, but
research surveys conclude there is no systematic research on
data sharing in software engineering.

We present background work on open innovation, open
source software, and open data, underpinning our claim in
Section II. Section III presents two examples of data sharing,
and Section IV sketches a research agenda based on the
identified needs. Section V concludes the paper.

II. BACKGROUND – COMMERCIAL OPENNESS AND DATA

OSS in commercial business has emerged as a means
to share platform software and tools with collaborators
and competitors. While OSS in the 1980’s was more a
philosophical and political issue, it turned in the 1990’s into
a commercial phenomenon, through Linux and free BSD3.
Studies on open software tools [4] as well as on product

2https://okfn.org/opendata/
3https://en.wikipedia.org/wiki/History of free and open-

source software
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Data sharing?

“Value comes from 
data being brought 
together, and that 
requires organizations 
to let others use the 
data they hold”

https://www.bennettinstitute.cam.ac.uk/
publications/value-data-summary-report/
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Background and motivation 
Open source software –> data



Open source in mobile devices – 2011

T. Skersys et al. (Eds.): I3E 2011, IFIP AICT 353, pp. 110–128, 2011. 
© IFIP International Federation for Information Processing 2011 

Open-Source Software Implications in the Competitive Mobile Platforms Market 
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Abstract. The era of the PC platform left a legacy of competitive strategies for 

the future technologies to follow. However, this notion became more 

complicated, once the future grew out to be a present with huge bundle of 

innovative technologies, Internet capabilities, communication possibilities, and 

ease in life. A major step of moving from a product phone to a smart phone, 

eventually to a mobile device has created a new industry with humongous 

potential for further developments. The current mobile platform market is 

witnessing a platforms-war with big players such as Apple, Google, Nokia and 

Microsoft in a major role. An important aspect of today's mobile platform 

market is the contributions made through open source initiatives which promote 

innovation. This paper gives an insight into the open-source software strategies 

of the leading players and its implications on the market. It first gives a precise 

overview of the past leading to the current mobile platform market share state. 

Then it briefs about the open-source software components used and released by 

Apple, Google and Nokia platforms, leading to their mobile platform strategies 

with regard to open source. Finally, the paper assesses the situation from the 

point of view of communities of software developers complementing each 

platform. The authors identified relevant implications of the open-source 

phenomenon in the mobile-industry.  
Keywords: open-source, platform strategies, mobile industry, mobile 

platforms, iOS, Android, Symbian, Maemo. 

1 Introduction 
The open-source software phenomenon continues, persistently capturing the attention 

of both scholars and practitioners. It started in 1985, when Richard Stallman founded 

the Free Software Foundation promoting the idea of freedom in software. The 

Foundation, still very active today, promotes that software could run freely and that 
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Fig. 1. Worldwide smart-phone Market shares (%) by platform in 2009/2010 (Gartner, 2011) 

The technological developments in various mobile device platforms has eventually 
introduced tough competition, with eventually consumer winning in the end. One of 
the adoptions on its way is Microsoft’s Windows phone 7 OS taken by Nokia, which 
is a strategic step taken by the company assessing the current market (Nokia press 
release, 2011). However, with increasing competition, the mobile devices industry has 
also been marred with lawsuits. In the recent years, the above mentioned supreme 
leaders have now and then been involved in various patents and copyright cases 
against each other. Another aspect of the current platforms market is the code being 
open source (meaning available to everybody), with the perception of achieving 
innovation and creativity by getting all the developers involved. However, among the 
above companies this positive initiative varies on different grounds.  

On the other hand, an Open Handset Alliance led by Google was founded in Nov, 
2007 with the purpose of accelerating innovation in mobile and to richly improve the 
consumer experience. The alliance is a group of 84 technology and mobile companies 
which together released the Android with the aim of deploying handsets and services 
using the Android platform. The alliance is committed to great openness for the 
development of the Android platform through open software and applications (Open 
Handset Alliance, 2011). 

Considerable research was established on technological platform strategies, being 
briefly identified here: Anchordoguy (1989) exploited the rich competition between 
computer platforms in Japan while the western world was being monopolized by 
IBM. Bresnahan and Greenstein (1999) examined thirty years of the computer 
industry from a pure economical perspective. West (2003) investigated in detail, the 
hybrid strategies from PC vendors that attempted to combine the advantages of open-
source software while keeping tight control and differentiation in its platforms.  
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Triggers of Openness – why engage?

• Access to skilled workforce 
• Faster development speed 
• Low license costs and switching costs 
• Flexibility in tool usage and adaptations 
• Shared cost with the ecosystem 
• Governing ecosystem 

How Companies UseOSS Tools Ecosystemsfor Open InnovationHussan MunirLund University
Per Runeson
Lund University

Krzysztof WnukBlekinge Institute of Technology

Abstract—Moving toward the open innovation (OI) model requires multifaceted

transformations within companies. It often involves giving away the tools for product

development or sharing future product directions with open tools ecosystems. Moving

from the traditional closed innovation model toward an OI model for software

development tools shows the potential to increase software development competence

and efficiency of organizations. We report a case study in software-intensive company

developing embedded devices (e.g., smartphones) followed by a survey in OSS

communities such as Gerrit, Git, and Jenkins. The studied branch focuses on developing

Android phones. This paper presents contribution strategies and triggers for openness.

These strategies include avoid forking OSS tools, empower developers to participate in

the ecosystem, steer ecosystems through contributions, create business through

differentiation, and create new ecosystems. The triggers of openness are from 30

different companies with examples. Finally, openness requires a cultural change aligned

with strategies and business models.
& OPEN INNOVATION PENETRATES several indus-
tries such as manufacturing, finance, automotive,
mining and construction, telecommunication,
and software engineering.1,9 Companies have

discovered that their business may benefit from
sharing knowledge with other companies (e.g.,
Sony Mobile, Intel, Ericsson, IBM etc.).2,3 In OI,
the knowledge may flow both inside-out and out-
side-in and be attached to monetary transac-
tions, or not.1 Tools for software engineering is
an area to which companies apply OI principles.
For example, in the Jenkins and Gerrit

Digital Object Identifier 10.1109/MITP.2019.2893134
Date of current version 6 November 2019.
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Open data?
Open Data Ecosystems! • a networked community of 

actors with a joint interest
• a technological platform
• enables actors to process 

data and foster innovation
• collaborate on data and 

boundary resources
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Data Ecosystem Roles4 Johan Lin̊aker and Per Runeson

Fig. 1. Overview of the proposed governance model adapted from Nakakoji et al. [16].

a close connection with the platform provider, who also may be referred to as
a keystone if it has similar symbiotic intents. Niche players are actors focused
more on a specific niche of the market, or use-case, and is primarily a user of
the resources provided by the ecosystem [7].
For OSS ecosystems, the platform provider can be the owner of the OSS

project, usually either a software vendor or the ecosystem of actors directly or
via a proxy organization (e.g., a foundation) [18]. Governance, however, does not
have to be aligned with the ownership. In more autocratic ecosystems, it can be
centered around a vendor or individual, while more democratic ecosystems it is
distributed [5]. In the latter case, control of the OSS project is usually maintained
by a central group of actors who have gained a level of influence by proving merit,
building trust, and social capital through contributions to the OSS project.

2.3 Governance Model for Open Government Data Ecosystems

A popular way of illustrating the governance structure of an OSS ecosystem
is the Onion model [16], where the center is those in control (see Fig. 1). The
closest layers may be those who contribute actively to the project and thereby
maintain an influence although not in direct control. For each outer layer, actors
become less active in terms of contributions and thereby decrease in influence
on the OSS project. Robles et al. [19] recently applied the model in a case study
on the X-Road OSS project, an originally Estonian eGovernment project for
creating a data-sharing infrastructure, which now is governed jointly by Esto-
nian and Finnish government agencies. The project is centrally controlled, and
contributions are primarily made by companies on behalf of, and paid by, the
government agencies.
For OGD ecosystems, we consider the core to be occupied by the platform

provider (see Fig. 1), which is either the government entity (or entities in collab-
oration) which provide OGD via a software platform where APIs and supporting
tools, frameworks, and example applications are available as OSS. Depending on
the specific ecosystem structure a number of layers follow. In layers closest to
the core are the Keystone members including actors that are of special impor-
tance to the platform provider and the overall health of the ecosystem [9]. In the
following layer, Passive members of similar roles may be found although these
are more focused on addressing their specific niche or use-case. In the last and

https://doi.org/10.1007/978-3-030-57599-1_22



Commons

• Joint resource
• Mutual dependence
• Governed collaboration

Tragedy of the Commons: 
What is best for the 
individual perspective is bad 
from the joint perspective.



Ostrom’s advice for Commons

Commons are best goverened
by rules defined by the users 
themselves, supported by 
sanctions aginst rule breakers. 
This solution requires some joint 
interest among the users and 
communication means to agree 
on optimal solutions.

Källa Wikipedia, uppslagsord Allmänningens dilemma, Elinor Ostrom, 

Ekonomipriset 2009Kungl. Vetenskapsakademien har beslutat utdela Sveriges Riksbanks pris i ekonomisk vetenskap  

till Alfred Nobels minne 2009 tillElinor OstromIndiana University, Bloomington, IN, USA,”för hennes analys av ekonomisk organisering, 
särskilt samfälligheter” 

Elinor Ostrom har visat hur gemensamma tillgångar 

kan förvaltas framgångsrikt av föreningar av brukare. 

Oliver Williamson har utvecklat en teori där företag 

ses som strukturer för konfliktlösning. Härigenom har 

de lagt grunden för den snabbt växande forskningen  

om ekonomisk organisering. Ekonomiska transaktioner äger rum inte bara på mark 

nader utan också inom företag, föreningar, hushåll och 

myndigheter. Medan ekonomisk teori ger en god belys-

ning av marknadens förtjänster och begränsningar, 

har den hittills ägnat mindre utrymme åt andra insti-

tutionella arrangemang. Elinor Ostroms och Oliver 

Williamsons forskning visar att ekonomisk analys kan 

hjälpa oss att förstå vitt skilda organisationsformer.

Elinor Ostrom har utmanat den konventionella upp-

fattningen att gemensam egendom ofta missköts och 

därför antingen borde privatiseras eller regleras av 

centrala myndigheter. Baserat på ett stort antal studier 

av gemensamt förvaltade fiskebestånd, betesmarker, 

skogar, sjöar och vattentäkter finner Ostrom att resul-

taten ofta är bättre än vad gängse teori förutspår. För 

att hantera konflikter har brukarna utvecklat sofistike-

rade mekanismer för beslutsfattande och efterlevnad 

av regler, och Ostrom visar vad som utmärker fram-

gångsrika brukarföreningar. Oliver Williamsons huvudtes är att marknader 

och hierarkiska organisationer såsom företag är 

två alternativa former för organisering med skilda 

metoder för konfliktlösning. Nackdelen med mark-

nader är att de medför mer köpslående och kon-

flikt. Nackdelen med företag är att ledningen kan 

utnyttja sin beslutanderätt för egna syften. Mark-

nader med livlig konkurrens fungerar väl eftersom 

både köpare och säljare kan finna andra leverantörer 

och kunder om de inte kommer överens. Är konkur-

rensen mindre blir dock detta svårare. Williamsons 

teori innebär därför att ekonomiska aktörer är mer 

benägna att sköta sina transaktioner inom ett före-

tag ju mer relationsspecifika deras tillgångar är, 

en hypotes som också fått starkt empiriskt stöd. Elinor Ostrom, amerikansk medborgare. Född 1933 i Los Angeles, CA,

USA. F.D. i statsvetenskap 1965 vid University of California, Los Angeles, 

USA. Arthur F. Bentley Professor of Political Science och professor vid 

School of Public and Environmental Affairs, båda vid Indiana University, 

Bloomington, USA. Founding Director, Center for the Study of Institutio-

nal Diversity vid Arizona State University, Tempe, USA.

www.cogs.indiana.edu/people/homepages/ostrom.html
Oliver E. Williamson, amerikansk medborgare. Född 1932 (77 år) 

i Superior, WI, USA. F.D. i nationalekonomi 1963 vid Carnegie Mellon 

University, Pittsburgh, PA, USA. Edgar F. Kaiser Professor Emeritus of 

Business, Economics and Law och Professor of the Graduate School, 

båda vid University of California, Berkeley, USA.
www2.haas.berkeley.edu/Faculty/williamson_oliver.aspx

Prissumma: 10 miljoner svenska kronor, att delas lika mellan pristagarna.

Mer information: http://kva.se, http://nobelprize.org

Kontaktperson: Erik Huss, pressansvarig och redaktör, tel. 08-673 95 44, 070-673 96 50, erik.huss@kva.se 

Kungl. Vetenskapsakademien, stiftad år 1739, är en oberoende organisation som har till uppgift att främja vetenskaperna och stärka deras inflytande i 

samhället. Akademien tar särskilt ansvar för naturvetenskap och matematik, men strävar efter att öka utbytet mellan olika discipliner.

Ekonomisk organisering 

12 oktober 2009

Oliver E. Williamson University of California, Berkeley, CA, USA,”för hans analys av ekonomisk organisering, 
särskilt företagets gränser”



Data Ecosystems as Common Pool Resources

Recommendations
1. Boundaries emerge from vision
2. Licenses and processes must balance

perceived risks
3. Define rules in dialogue among members
4. Monitoring should be performed by platform 

provider and members
5. Sanctions to be decided jointly
6. Neutral actor provides trust
7. Recognize and embrace relevant partners
8. Interoperability and internal sub-groups

DOI 10.1145/3555051.3555066

Sustaining Open Data as a Digital Common – Design principles for Common

Pool Resources applied to Open Data Ecosystems
JOHAN LINÅKER, RISE Research Institutes of Sweden, Sweden
PER RUNESON, Lund University, SwedenMotivation. Digital commons is an emerging phenomenon and of increasing importance, as we enter a digital society. Open data is one

example that makes up a pivotal input and foundation for many of today’s digital services and applications. Ensuring sustainable

provisioning and maintenance of the data, therefore, becomes even more important. Aim.We aim to investigate how such provisioning

and maintenance can be collaboratively performed in the community surrounding a common. Speci�cally, we look at Open Data

Ecosystems (ODEs), a type of community of actors, openly sharing and evolving data on a technological platform. Method.We use

Elinor Ostrom’s design principles for Common Pool Resources as a lens to systematically analyze the governance of earlier reported

cases of ODEs using a theory-oriented software engineering framework. Results. We �nd that, while natural commons must regulate

consumption, digital commons such as open data maintained by an ODE must stimulate both use and data provisioning. Governance

needs to enable such stimulus while also ensuring that the collective action can still be coordinated and managed within the frame of

available maintenance resources of a community. Subtractability is, in this sense, a concern regarding the resources required to maintain

the quality and value of the data, rather than the availability of data. Further, we derive empirically-based recommended practices for

ODEs based on the design principles by Ostrom for how to design a governance structure in a way that enables a sustainable and

collaborative provisioning and maintenance of the data. Conclusion. ODEs are expected to play a role in data provisioning which

democratize the digital society and enables innovation from smaller commercial actors. Our empirically based guidelines intend to

support this development.
CCS Concepts: • Software and its engineering! Open source model.Additional Key Words and Phrases: Open Data, Data Ecosystems, Digital Commons, Ostrom, Sustainability, Common Pool Resources

ACM Reference Format:Johan Linåker and Per Runeson. 2022. Sustaining Open Data as a Digital Common – Design principles for Common Pool Resources

applied to Open Data Ecosystems. In The 18th International Symposium on Open Collaboration (OpenSym 2022), September 7–9, 2022,

Madrid, Spain. ACM, New York, NY, USA, 17 pages. https://doi.org/10.1145/3555051.35550661 INTRODUCTION
With the emergence of a digital society, the concept of commons has been applied to digital phenomena with applications

ranging, from Open Source Software (OSS) [4, 39] to open data [6, 36] and online projects such as Wikipedia [13, 42]. A

main reason for this relates to the parallel between the sustainability of digital commons [14], and the phenomenon

referred to as “the tragedy of the commons”, where individuals act in self-interest and over-utilize the common resource.

The “tragedy” is commonly exempli�ed through an open pasture where the rational herder out of self-interest aims to

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not

made or distributed for pro�t or commercial advantage and that copies bear this notice and the full citation on the �rst page. Copyrights for components

of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on

servers or to redistribute to lists, requires prior speci�c permission and/or a fee. Request permissions from permissions@acm.org.

© 2022 Copyright held by the owner/author(s). Publication rights licensed to ACM.
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a b s t r a c t

Software systems are increasingly
depending on data, particu

larly with the rising use of machine

learning, and
developers are looking for new sources of data. Open Data Ecosystems (ODE) is an

emerging concept for d
ata sharing under public

licenses in software ecosystems, similar to Open Source

Software (OSS). It has c
ertain similarities to Open Government Data (OGD), where public agenci

es share

data for innovation and transparency
.

We aimed to explore open data ecosystems involving commercial actors.
Thus, we organized five

focus groups with 27 practitioners
from 22 companies, publi

c organizations
, and research institutes.

Based on the outcomes, we surveyed three cases of emerging ODE practice to further understand the

concepts and to validate the initial finding
s. The main outcome is an initial concep

tual model of ODEs’

value, intrins
ics, governan

ce, and evolution, an
d propositions

for practice and further research.

We found that ODE must be value driven. Regar
ding the intrinsics of data, we found their type,

meta-data, and
legal frameworks influential fo

r their openness. W
e also found the characteristic

s of

ecosystem initiation, org
anization, da

ta acquisition and openness be differentiatin
g, which we advise

research and practice to take into consideration
.

© 2021 The Author(s)
. Published by Elsevier In

c. This is an open access article
under the CC

BY license

(http://creativ
ecommons.org/licens

es/by/4.0/).

1. Introdu
ction

Open innovation and co-creation are ways for organizations

to leverage the creativity outside the own organizationa
l bound-

aries. Chesbro
ugh coined the term Open Innovation (OI) in 2003,

initially referring to exchange of ideas. OI is ‘‘a paradigm that

assumes that firms can and should use external ideas as well

as internal ideas. . . as they look to advance their technology’’

(Chesbrough,
2003). Later, Chesbrough

et al. (2014) redefined

OI as ‘‘a distributed innovation process. . . acro
ss organizationa

l

boundaries, using pecuniary and non-pecuniar
y mechanisms’’.

Open innovation is manifested in software engineering through

Open Source Software (OSS) (Linåker et al., 2018) and software

ecosystems (Jansen et al., 2012).

Development and operation of software systems have become

increasingly
dependent on data during the last decade (Gan-

domi and Haider, 2015;
Coyle et al., 2020).

In particular Machine

Learning (ML) application
s require lots of high-q

uality data, while

traditional sy
stems use data to provide services to its users. Raj

et al. identify data management challenges, su
ch as shortage of
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data, need for sharing techniques, a
nd data quality (Raj et al.,

2019). As sug
gested in our previous

work, co-creati
on and collab-

oration principles have to be adopted to harness the innovation

potential and
to manage costs in the age of data (Runeson, 20

19).

This is in line with other researchers’ o
bservations of needs for

ecosystem strategies when working with open data (Rudmark

and Jordanius, 20
19).

Examples of such co-creation and collaboration
can be found

in the domain of OSS, which is utilized in almost all software sys-

tems, and is commonly integrated with commercial offering
s. In

software ecosystems (Jansen et al., 2012), O
SS is a means to share

platform software and tools with partners – and even competitors

– both to reduce cost and to promote OI. This involves trade-offs

between what software to share and what to keep proprietary

(Linåker and Regnell, 2020
). Extending

similar practices to data

have so far primarily been initiated by public agencies. Open

Government Data (OGD), i.e. public agencies giving access to

public data, is brought forw
ard as an enabler for innovation and

entrepreneur
ship, both by politicians and researchers (Lakomaa

and Kallberg, 2013; Dawes et al., 2016), and is studied quite

intensively (Attard et al., 2015). Re
cently, the Bennett Institute

for Policy, Cambridge, launc
hed a report on ‘‘The Value of Data’’

(Coyle et al., 2020) with a focus on public policy for data. They

conclude that ‘‘[v]alue
comes from data being brought toge

ther,

and that requires organizations
to let others use the data they
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Emerging data ecosystems

JobTech
• Labor market
• Job ads
• Public-driven
• Organization-centric

ESS-CSDL
• Industry 4.0
• Alarm data
• Business-driven
• Organization-centric

RoDL
• Automotive
• Traffic video
• Business-driven
• Consortium-based

RoDL



ODE F0. Type 

[G1. Value]

[G3. Governance]

F3. Acquisition

F4. Relationship

F5. Competition

F6. Quality

F8. Legal

F7. Maturity

[standardization]

[transparency]

[privacy]
[liability]

F1. Value of data

F2. Value of collaboration

[public-driven]
[business-driven]
[community-driven]

Enders
coreness
currentness
granularity
+degree of processing

Naka-
koji

platform provider
keystone members
passive members
end users

[meta-data]
[domain model]

Dal 
Bianco

organization-centric
consortium-based
community-based 

Coyle
closed
shared
open

[licenses]

[G2. Intrinsics]

[G4. Evolution]

[degree of 
openess]

[co-opetition]

[platform 
ownership]

[business driven]

[knowledge]

Ches-
brough

external/
internal
pecuniary/
non-pecuniary

[business models]
[tool support]

Open Data Ecosystems – an empirical investigation into an emerging industry collaboration concept 



G1. Value

The value of data (F1) and the 
value of collaboration around 
the data (F2) are two sides of 
the same coin. One or the other 
may be the primary value, but 
they are highly intertwined. 

CC-BY 2.0 Mike Lawrence @Flickr



G2. Intrinsics

Intrinsics, 
or internal characteristics of data
• data type (F0) 

– coreness
– currentness
– granularity
– degree of processing

• data quality (F6)
– correctness
– provenance
– meta-data

• legal aspects (F8) is tightly connected 
to data, although they also connect to 
governance of the ODE. 

– licenses
– privacy
– liability



G3. Governance – platform provider

There is a need for an independent platform provider to ensure trust
Initiation may be public-driven, business-driven, or community-driven

4 Johan Lin̊aker and Per Runeson

Fig. 1. Overview of the proposed governance model adapted from Nakakoji et al. [16].

a close connection with the platform provider, who also may be referred to as
a keystone if it has similar symbiotic intents. Niche players are actors focused
more on a specific niche of the market, or use-case, and is primarily a user of
the resources provided by the ecosystem [7].
For OSS ecosystems, the platform provider can be the owner of the OSS

project, usually either a software vendor or the ecosystem of actors directly or
via a proxy organization (e.g., a foundation) [18]. Governance, however, does not
have to be aligned with the ownership. In more autocratic ecosystems, it can be
centered around a vendor or individual, while more democratic ecosystems it is
distributed [5]. In the latter case, control of the OSS project is usually maintained
by a central group of actors who have gained a level of influence by proving merit,
building trust, and social capital through contributions to the OSS project.

2.3 Governance Model for Open Government Data Ecosystems

A popular way of illustrating the governance structure of an OSS ecosystem
is the Onion model [16], where the center is those in control (see Fig. 1). The
closest layers may be those who contribute actively to the project and thereby
maintain an influence although not in direct control. For each outer layer, actors
become less active in terms of contributions and thereby decrease in influence
on the OSS project. Robles et al. [19] recently applied the model in a case study
on the X-Road OSS project, an originally Estonian eGovernment project for
creating a data-sharing infrastructure, which now is governed jointly by Esto-
nian and Finnish government agencies. The project is centrally controlled, and
contributions are primarily made by companies on behalf of, and paid by, the
government agencies.
For OGD ecosystems, we consider the core to be occupied by the platform

provider (see Fig. 1), which is either the government entity (or entities in collab-
oration) which provide OGD via a software platform where APIs and supporting
tools, frameworks, and example applications are available as OSS. Depending on
the specific ecosystem structure a number of layers follow. In layers closest to
the core are the Keystone members including actors that are of special impor-
tance to the platform provider and the overall health of the ecosystem [9]. In the
following layer, Passive members of similar roles may be found although these
are more focused on addressing their specific niche or use-case. In the last and



G3. Goverenance – How open is open?



G3. Governance –
How open is open?

• FAIR Research Data
– Findable
– Accessible
– Interoperable
– Reusable

“As open as possible and as closed as necessary

https://snd.se/en/manage-data/prepare-and-share/FAIR-data-principles



G4. Evolution

The concept of and strategies for open data ecosystems are still in their 
infancy 

Need for knowledge:
– how to integrate ODEs into an organization’s business model
– tools to support ODEs and enable data sharing should be developed 

and standardized

(CC BY-NC 2.0) ThomasThomas@Flickr



Findings for data ecosystems

CC BY-SA 2.0 Jocelyn Kinghorn @ Flickr

Value
• Focus on business value in the data or 

collaboration
Intrinsics
• Data coreness, currentness and granularity 

Standardize format and legal framework
Governance
• Level of openness and platform ownership 

Relationship and competition must co-exist
Data acquisition incentives
Evolution
• Advance business models and tool support



IEEE Proo
f

FOCUS: GUEST EDITORS’ INTRODUCTION

Collaborative Aspects of 
Open Data in Software 
Engineering
Johan Linåker, RISE Research Institutes of Sweden

Per Runeson, Lund University

Anneke Zuiderwijk, Delft University of Technology

Amanda Brock, OpenUK

Digital Object Identifier 10.1109/MS.2021.3118123
Date of current version: xxxxxx

2 IEEE SOFTWARE |  PUBLISHED BY THE IEEE COMPUTER SOCIETY 0740 -7459 / 22©2022 I EEE

The Journal of Sy
stems & Software 182 (2021) 111088

Contents lists available at ScienceD
irect

The Journal of
Systems & Software

journal hom
epage: www.elsevier.com

/locate/jss

Open Data Ecosyste
ms—An empirical investi

gation into an emerging

industry colla
boration concept

I

Per Runeson
a,⇤, Thomas Olsson

b, Johan Linåker
a

a Department of Computer Science, Lund
University, Lu

nd, Sweden

b Systems Engineering, R
ISE Research Institutes of Sweden AB, Lund, Sweden

a r t i c l e i n f o

Article history:

Received 8 January 2021

Received in revised form 24 July 2021

Accepted 2 September 2021

Available online 16 September 2021

Keywords:

Open data
Open data ecosystem

Open innovation

Empirical study

a b s t r a c t

Software systems are increasingly
depending on data, particu

larly with the rising use of machine

learning, and
developers are looking for new sources of data. Open Data Ecosystems (ODE) is an

emerging concept for d
ata sharing under public

licenses in software ecosystems, similar to Open Source

Software (OSS). It has c
ertain similarities to Open Government Data (OGD), where public agenci

es share

data for innovation and transparency
.

We aimed to explore open data ecosystems involving commercial actors.
Thus, we organized five

focus groups with 27 practitioners
from 22 companies, publi

c organizations
, and research institutes.

Based on the outcomes, we surveyed three cases of emerging ODE practice to further understand the

concepts and to validate the initial finding
s. The main outcome is an initial concep

tual model of ODEs’

value, intrins
ics, governan

ce, and evolution, an
d propositions

for practice and further research.

We found that ODE must be value driven. Regar
ding the intrinsics of data, we found their type,

meta-data, and
legal frameworks influential fo

r their openness. W
e also found the characteristic

s of

ecosystem initiation, org
anization, da

ta acquisition and openness be differentiatin
g, which we advise

research and practice to take into consideration
.
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to leverage the creativity outside the own organizationa
l bound-

aries. Chesbro
ugh coined the term Open Innovation (OI) in 2003,

initially referring to exchange of ideas. OI is ‘‘a paradigm that

assumes that firms can and should use external ideas as well

as internal ideas. . . as they look to advance their technology’’

(Chesbrough,
2003). Later, Chesbrough

et al. (2014) redefined

OI as ‘‘a distributed innovation process. . . acro
ss organizationa

l

boundaries, using pecuniary and non-pecuniar
y mechanisms’’.

Open innovation is manifested in software engineering through

Open Source Software (OSS) (Linåker et al., 2018) and software

ecosystems (Jansen et al., 2012).

Development and operation of software systems have become

increasingly
dependent on data during the last decade (Gan-

domi and Haider, 2015;
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In particular Machine
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data, need for sharing techniques, a
nd data quality (Raj et al.,

2019). As sug
gested in our previous

work, co-creati
on and collab-

oration principles have to be adopted to harness the innovation

potential and
to manage costs in the age of data (Runeson, 20

19).

This is in line with other researchers’ o
bservations of needs for

ecosystem strategies when working with open data (Rudmark

and Jordanius, 20
19).
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tems, and is commonly integrated with commercial offering
s. In

software ecosystems (Jansen et al., 2012), O
SS is a means to share

platform software and tools with partners – and even competitors

– both to reduce cost and to promote OI. This involves trade-offs

between what software to share and what to keep proprietary

(Linåker and Regnell, 2020
). Extending

similar practices to data

have so far primarily been initiated by public agencies. Open

Government Data (OGD), i.e. public agencies giving access to

public data, is brought forw
ard as an enabler for innovation and

entrepreneur
ship, both by politicians and researchers (Lakomaa

and Kallberg, 2013; Dawes et al., 2016), and is studied quite

intensively (Attard et al., 2015). Re
cently, the Bennett Institute

for Policy, Cambridge, launc
hed a report on ‘‘The Value of Data’’

(Coyle et al., 2020) with a focus on public policy for data. They

conclude that ‘‘[v]alue
comes from data being brought toge
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and that requires organizations
to let others use the data they
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Data Ecosystems: A Public Platform Provider’s Per-

spective 
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Abstract: Open Government Data (OGD) is an important driver for open innovation among public 

entities. However, extant research highlights a need for improved feedback loops, collaboration, 

and a more demand-driven publication of OGD. In this study, we explore how public platform 

providers can address this issue by enabling collaboration within OGD ecosystems, both in terms 

of the OGD, and any related Open Source Software (OSS) and standards. We conducted an 

exploratory multiple-case study of four OGD ecosystems with diverse characteristics, using a 

qualitative research approach. Based on the cases, we present a conceptual model that highlights 

different attributes of OGD ecosystems that may help public entities in designing and 

orchestrating new or existing OGD ecosystems. We conclude that enabling collaboration in an 

OGD ecosystem is a complex exercise yet believe that it offers ways for public entities in how 

they can leverage open innovation to address their goals and directives. 

Keywords: Open government data, Open data, Open Source Software, Public sector, Data 

ecosystem 
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1. Introduction 

Rich and high-quality data have over time become a critical asset for software organizations as a 

driver for innovation and input to solutions including artificial intelligence (Munappy et al. 2019; 

Gao and Janssen 2020). One way of increasing access and availability of such data is to share it as 

Open Data (Attard et al. 2015) and collaborate on its collection and maintenance as commonly done 

with Open Source Software (OSS) (Munir, Wnuk, and Runeson 2016). Such sharing of data is less 

common within the software industry (Runeson 2019), but more so among public entities (Safarov, 

Meijer, and Grimmelikhuijsen 2017). In the latter case, we refer to the openly shared data as Open 
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Business models (LiU) 
Two disruptive and interrelated 
transformations: 
1) digitalization changes sociotechnical 

systems, 
2) servitization entails the shift from 

selling products to ‘product-as-a-service’ 
business models

Collaboration tools (LU) 
Git, Jenkins and Gerrit, provide a low-
threshold entry  o open source software 
(OSS). Data ecosystems need “an 
underpinning technological platform”.
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