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Data science

…is an interdisciplinary field that uses scientific methods, 
processes, algorithms and systems to extract knowledge and 
insights from noisy, structured and unstructured data, and 
apply knowledge and actionable insights from data across a 
broad range of application domains. [Wikipedia]

But where does the data come from?
Do you have enough quality data?
Can you afford maintaining the data?



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 

• What is data pollution? 
Privacy intrusion? 
Information leakage?

• What does it cost to 
refine the oil?



Example biomedicine

”For a typical biomedical data 
resource, the cost of simply 
keeping the data is only a small 
fraction of the total cost of data 
management. The remainder is 
largely the cost needed to support 
the finding, accessing, 
interoperating and reusing of the 
data — a cost that is widely 
under-appreciated.”



Example automotive



Example maps
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Data challenges and opportunities

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

• Data will gradually become 
commodity for some 
functionality

Open data 
ecosystems?
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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 
of effective and ef!cient 
software development. 
Technology 
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open collaboration 
valuable.

Lundell et al. Commodification of Industrial Software: A Case for Open Source, 
IEEE Software, 26(04):77-83, 2009.  https://doi.org/10.1109/MS.2009.88



What is unique?

Commodity

Differentiation

Innovation External
sources
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Increased system complexity has histori- 

cally been treated as an inevitable con-

sequence of architecture evolution over 

time. The three-layer product model offers 

an innovative framework for managing 

system growth that encourages greater 

efficiency, nimbler responsiveness, and 

more opportunities for innovation during 

all stages of the software development life 

cycle.

P rior research, particularly the work of David 

Parnas1 and of Dewayne Perry and Alexander 

Wolf,2 has clearly established that architectures 

erode as they age over time. Systems become less 

and less amenable to necessary adaptation and change, 

often resulting in significantly higher maintenance costs. 

Although precise definitions differ, both researchers and 

practitioners point to increased complexity as the primary 

challenge of dealing with long-lived software systems.

This complexity has two main facets: that of the sys-

tem’s original design (the problem level) and further 

complexity at the solution level, where architects and 

engineers add new structures, design rules, and design 

constraints to ensure that, over time, products continue to 

satisfy customer needs and preferences. As systems evolve, 

complexity at the problem level remains relatively con-

stant, but complexity at the solution level inevitably grows; 

added functionalities fail to match original structures 

while, in the absence of refactoring, older rules and con-

straints remain in place, despite the fact that they are no 

longer relevant.In recent years two other sources of complexity have 

emerged: the broad adoption of software platforms to run 

applications on top of common shared software and the 

developing concept of software ecosystems as a way of 

articulating the relationships among system components.3 

Although both separate platforms and clean interface 

design theoretically provide a powerful decoupling mecha-

nism, in practice they more often have an opposite result: 

previously unrelated development teams become more de-

pendent on one another to coordinate their activities, the 

software artifacts these individual teams inherit become 

correspondingly interdependent, and interfaces become 

more complex as teams struggle to maintain backward 

compatibility.Analysts and practitioners concerned with software 

system complexity generally treat complexity as an un-

avoidable rather than a manageable system quality. This 

is partly because existing approaches fail to distinguish 

three distinct layers of system functionality:
 • commoditized functionality that over time has become 

so integral to a system it no longer adds real value;

z� differentiating functionality that offers newer, more 

specialized advantages and clearly has customer value 

(functionality at the commoditized layer most often 

starts as differentiating); and
 • innovative and experimental functionality that is under 

various stages of development and thus does not cur-

rently add value but has potential to do so.

Achieving Simplicity with the Three-Layer Product Model

Productize

Commoditize

Value focus

Cost focus

Novelty focus



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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tillgängliggöras, delas och nyttiggöras för att optimera planering, utveckling 
och drift av samt affärsmodeller för laddinfrastruktur.  

• Livslångt lärande: Uppdrag till Arbetsförmedling m.fl. att utveckla en 
sammanhållen datainfrastruktur för kompetensförsörjning och livslångt 
lärande (N2021/01915). Myndigheterna ska dessutom utveckla 
förutsättningarna för tillgängliggörande av data och digital information om 
utbildning och arbetsmarknad, samt etablera former för förvaltning av en 
sammanhållen datainfrastruktur för kompetensförsörjning och livslångt 
lärande. 

• Näringslivets digitala strukturomvandling: Uppdrag till Rymdstyrelsen att 
analysera hur det nationella rymddatalabbets förmåga kan stärkas så att 
Sverige, EU och internationella samarbetspartners kan öka 
användningen av data från satelliter för hållbar utveckling. Det 
nationella rymddatalabbet är en nationell kunskapsresurs för svenska 
och internationella aktörers arbete med jordobservationsdata. 
(I2021/02683).  

• Datadriven förvaltning: Uppdrag till Statistiska centralbyrån (SCB) att främja 
delning och nyttiggörande av data för smart statistik med inriktning på 
datakvalitet, dataåtkomst och datatillgång samt lämna förslag till ny, smart 
statistik baserad på delning av mobilitetsdata liksom hur smart statistik kan 
visualiseras på ett enkelt vis. SCB ska dessutom främja tillgången till öppna 
data genom att ta fram föreskrifter vad gäller officiell statistik som öppna data, 
med syfte att främja ökad användning och återanvändning via dataportal.se. 
SCB ska särskilt främja användningen av statistikansvariga myndigheters 
öppna data för visualisering i samarbete med Visualiseringscenter C och 
Dataspelsbranschen (I2021/02417). 

Insatsområde 2: Öppen och kontrollerad datadelning  
Mål 2023: Statliga myndigheter och statliga företag har en god förmåga att dela 
data både på ett öppet och kontrollerat sätt. Svenska företag har en god förmåga 
att dela data och är delaktiga i utvecklingen av och kan utnyttja de uppbyggda 
datamarknaderna. Offentliga data, inklusive forskningsdata, ska där så är 
lämpligt, vara så öppna som möjligt och så stängda som nödvändigt.  

 
Insatsområde två syftar till att stärka Sveriges samlade förmåga att dra nytta av data 
och ny digital teknik i nära samverkan mellan forskning, näringsliv och offentlig 
sektor. För att klara detta behöver offentliga såväl som privata aktörer utveckla 
förmågan att dela data med lämplig grad av kontroll. En effektiv och säker 
datadelning kräver att aktörer, både privata och offentliga, kan hantera data på ett 
sätt så att andra aktörer i nätverket kan lita på den t.ex. vilken datakvalitet som kan 
garanteras. Det ställer i sin tur krav på att aktörer som samlar in eller förvaltar data 

https://www.regeringen.se/informationsmaterial/2021
/10/data--en-underutnyttjad-resurs-for-sverige/



Background and motivation 
Open source software practices



Background – Open Source Software

• 1960/70’s – software into the 
bargain

• 1980’s – political movement
• 1990’s – commercial (Linux)
• 2000’s – databases 

(MySQL), Android
• 2010’s – everywhere

OPEN SOURCE EXPANDED
EDITOR DIRK RIEHLE 

Friedrich Alexander-University of Erlangen Nürnberg;dirk.riehle@fau.de

T he concept of “free software” (with free as in free-

dom) dates from the early !"#$s. The term open 

source is much younger, from the late !""$s. 

But before free and open source software (FOSS) 

existed as such, some programs were paving the way. In 

fact, until the late !"%$s, most software worked as FOSS: 

it was shared with relative ease between people who took 

care of computers. Only a few companies manufactured 

computers, with IBM being, by a 
large margin, the market leader. 

For all of them, software was just a 
companion to hardware: as long as 

you paid for maintenance, you had 
access to the software catalog of the 

manufacturer. User groups, such as 
SHARE (IBM) and the DECUS [Digital 

Equipment Corp. (DEC)] favored soft-
ware sharing. To some extent, prior 

to !"&$, software was just an add-on 
to hardware, not something consid-

ered valuable in itself.The situation changed in !"%", 
when IBM announced the unbun-

dling of software: part of its catalog 

was to be sold separately. From that moment on, users had 

to purchase some of the software they needed. Various 

companies began to flourish with a business model based 

on producing software to be run on hardware sold by oth-

ers. This kicked off the software market and, with it, the 

change of software’s status. Vendors implemented techni-

cal and legal means to limit sharing, modifying, and even 

studying programs. During the mid-!"&$s, proprietary 

(non-FOSS) software was already the norm. However, by 

the early !"#$s, some programs were distributed in ways 

similar to what we now consider FOSS, among them, SPICE 

Digital Object Identifier 10.1109/MC.2020.3041887

Date of current version: 11 February 2021

A Brief History of Free, Open Source Software and Its CommunitiesJesus M. Gonzalez-Barahona, Universidad Rey Juan Carlos 
Free, open source software (FOSS) has a long history, beginning with 

the origins of software itself, when the terms free software and open 

source software were not yet defined. Learning about the milestones 

of this history may help to understand FOSS today.
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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 
Salman Qayyum Mian1, Jose Teixeira2, and Eija Koskivaara3 1 Nokia Siemens Networks (NSN), Linnoitustie 6, 02600 Espoo, Finland  Salman.Mian@uta.fi 

2 Turku Center for Computer Science (TUCS), Joukahaisenkatu 3-5 B, 20520 Turku, Finland  Jose.Teixeira@tse.fi 
3 Turku School of Economics (TSE), Rehtorinpellonkatu 3, 20500 Turku, Finland eija.koskivaara@utu.fi 

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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Strategies for open tools

Strategy

Proactive

Reactive
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A theory of openness for software engineering tools in software

organizations
Hussan Munir!,a, Per Runesona, Krzysztof Wnukb
aDepartment of Computer Science, Lund University, P.O. Box 118, SE-221 00 Lund, Sweden

bSoftware Engineering Research Lab, Blekinge Institute of Technology, SE-371 79 Karlskrona, SwedenA R T I C L E I N F O
Keywords:
Open InnovationOpen Source SoftwareOSS tools
Openness
Theory creation

A B S T R A C T
Context: The increased use of Open Source Software (OSS) a!ects how software-intensive product development

organizations (SIPDO) innovate and compete, moving them towards Open Innovation (OI). Speci"cally, software

engineering tools have the potential for OI, but require better understanding regarding what to develop in-

ternally and what to acquire from outside the organization, and how to cooperate with potential competitors.

Aim: This paper aims at synthesizing a theory of openness for software engineering tools in SIPDOs, that can be

utilized by managers in de"ning more e#cient strategies towards OSS communities.

Method: We synthesize empirical evidence from a systematic mapping study, a case study, and a survey, using a

narrative method. The synthesis method entails four steps: (1) Developing a preliminary synthesis, (2) Exploring

the relationship between studies, (3) Assessing the validity of the synthesis, and (4) Theory formation.

Result: We present a theory of openness for OSS tools in software engineering in relation to four constructs: (1)

Strategy, (2) Triggers, (3) Outcomes, and (4) Level of openness.

Conclusion: The theory reasons that openness provides opportunities to reduce the development cost and de-

velopment time. Furthermore, OI positively impacts on the process and product innovation, but it requires

investment by organizations in OSS communities. By betting on openness, organizations may be able to sig-

ni"cantly increase their competitiveness.
1. Introduction

The introduction of Open Source Software (OSS) in commercial

settings have opened new possibilities for innovation in software-in-

tensive product development organizations (SIPDOs).1 This shift im-

plies that the internal research and development (R&D) is no longer the

only strategic asset for the companies in creating products and services.

Access to, and interplay with, external sources and actors provide new

opportunities but also create new challenges.
One speci"c type of OSS is software engineering tools used in the

development of software-intensive products. The tools themselves are

not the core business of the SIPDOs, but they rely heavily on them to be

e#cient in their software development. Further, the costs of improving

the tools and keeping them up to date may be signi"cant, and thus

SIPDOs may want to share the costs with other organizations.
In 2003, Chesbrough proposed the term Open Innovation (OI), later

de"ned as “a distributed innovation process based on purposively managed

knowledge !ows across organizational boundaries, using pecuniary and non-

pecuniary mechanisms in line with the organization’s business model” [8].

Cheshbrough’s de"nition of openness hints at valuable ideas that can

emerge and commercialize from inside and outside the organization. OI

entails various activities, e.g., inbound (also called inside-out), out-

bound (also called outside-in) and coupled activities [23], and each of

these activities can be more or less open. Dahlander and Gann [12]

de"ned inbound versus outbound OI, and pecuniary versus non-pe-

cuniary interactions. Researchers have used the term inside-out/out-

bound and outside-in/inbound synonymously in the OI literature. The

terms used in this paper are de"ned in Table 1.
This paper uses the openness classi"cation by Huizingh [27] who

categorized processes and outcomes as closed or open, see Table 2.

Open processes deal with either using the input from outside the or-

ganizations, or by externally exploiting an internally developed in-

novation. This is in contrast to closed processes, where the innovation

process is kept in-house [27]. On the other hand, open outcomes entail

devoting the scarce resources to innovation, and then giving away the

outcome (e.g., proprietary solutions) for free to OSS communities, in

contrast to closed outcomes where organizations keep their solution in-

house.

https://doi.org/10.1016/j.infsof.2017.12.008
Received 29 June 2017; Received in revised form 23 November 2017; Accepted 19 December 2017
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1 SIPDO refers to organizations developing products or services with a substantial amount of software de"ning the product/service behavior, mostly embedded in physical products.
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Open source for data?
Data Ecosystems!!!
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A Data Ecosystem is...

• a network community with a common interest 
• supported by a technological platform
• to process data 

– e.g., find, archive, publish, consume, or reuse
• collaboration on the data and resources 

– e.g., software and standards

Lund

Karlskrona

Linköping
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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%5C_22
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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

https://doi.or
g/10.1016/j.js

s.2021.11108
8

0164-1212/©
2021 The Author(s). Pu

blished by Elsevier Inc. This is an open access article under the CC BY license (http://creativ
ecommons.org/licens

es/by/4.0/).



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 



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



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



Governance

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



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
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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
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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. 
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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 



Open Governmental Data

Purpose: 1) Governance transparency, 2) Business innovation

A. Zuiderwijk et al. / Innovation with open data: Essential elements of open data ecosystems 25

Table 1, continued

Ecosystems characteristics Source
Stakeholders involved in ecosystems are agencies and departments, sup-
pliers and partners, internal elements, communities and individual stake-
holders

Evans [40]

Needs to include many types of stakeholders such as civil servants who
curate raw data, developers who build applications with open data, and
citizens who view visualizations and analytical results from these data.

Ding et al. [30]

Data Consisting of data packaging and patching format Pollock [17]
Resources and
tools

Consisting of resources that work to provide a data commons Sansone et al. [21]

Consisting of publisher notification of patches (pull requests) with auto-
mated integration (merge) tools

Pollock [17]

Address licensing Halonen [53]
Address Linked Data Van der Sande et al. [18],

Ding [54]
May be costly and face certain risks Adner [41]
Should include ICT preparedness, ICT usage, an enterprise architecture
ICT model, Information provision capability, policy marketing, resource
allocation and e-participation.

Obi [52]

“A Linked Data-based system where stakeholders of different sizes and
roles find, manage, archive, publish, reuse, integrate, mash-up, and con-
sume open government data in connection with online tools, services and
societies” [p. 326]

Ding et al. [30]

Fig. 1. Elements of an open government data ecosystem derived from the literature.

scenario to detail the elements. In this section we report on the findings of analyzing an open government
data scenario, using the structure for describing scenarios that has been provided by Carrol [24]. The
scenario meets our criterion that it should describe a diverse range of activities that are performed in the
open data process. The scenario integrates steps of workflows for data as described in Section 2.2.

In the following, the actions and events performed in the scenario are described. After the description
of each activity, a number is given which corresponds with the numbers shown in Fig. 2. Figure 2 repre-
sents the elements of an open government data ecosystem. On the various levels a number of activities
are shown that can be conducted in the ecosystem, connected to the applications and tools that can be
used to conduct these activities. The aim of this figure is not to provide a complete list of applications,
but to provide examples of applications that the open data ecosystem can use.

The scenario resembles data lifecycle management, and in line with [28] the generation and use of data
and metadata is essential. In our scenario of open data publication and use various levels are represented.
On the first level, a public sector organization creates or collects data (1) and stores this data internally

Information Polity 19 (2014) 17–33
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Abstract. Open data ecosystems are expected to bring many advantages, such as stimulating citizen participation and inno-

vation. However, scant attention has been given to what constitutes an open data ecosystem. The objective of this paper is to

provide an overview of essential elements of open data ecosystems for enabling easy publication and use of open data. To

achieve this objective, the literature has been reviewed and a scenario about the publication and use of open data has been

analyzed. It was found that various applications, tools and portals are available which together can form an ecosystem. The best

functionalities of this ecosystem can be selected and utilized by open data providers and users. To create an open data ecosys-

tem at least four key elements should be captured, namely, 1) releasing and publishing open data on the internet, 2) searching,

finding, evaluating and viewing data and their related licenses, 3) cleansing, analyzing, enriching, combining, linking and vi-

sualizing data and 4) interpreting and discussing data and providing feedback to the data provider and other stakeholders.

Furthermore, to integrate the ecosystem elements and to let them act as an integrated whole, there should be three additional

elements 5) user pathways showing directions for how open data can be used, 6) a quality management system and 7) different

types of metadata to be able to connect the elements.

Keywords: Open data ecosystem, open data, open government, ecosystem, architecture, infrastructure, innovation

1. Introduction

Open data is expected to bring many advantages, such as stimulating citizen participation and inno-

vation [1,2], stimulating transparency [3,4] and stimulating economic growth [5,6]. In this way, a more

open government can be encouraged. Various open data portals and infrastructures have been devel-

oped in the last years to explore the potential of open data [7], such as national open data portals, the

European open data infrastructure [8], the ENGAGE open data infrastructure [9], the Junar open data

infrastructure [10] and the infrastructures of statistics agencies (e.g. Eurostat [11]). These digital govern-

ment infrastructures are typically used by many different users, evolve over time and need a large user

base, as they offer value only when a certain critical mass of users has been reached [12]. In addition,

there are many tools and programs available which can help open data users, such as Open Refine [13]

and ScraperWiki [14].

While these infrastructures and tools are important, they often provide only one part of the puzzle for

open data users which often deploy more than one infrastructure or tool to process their open data. As

such we plea for viewing them as part of a wider open data ecosystem in which each instrument and tool

can add value. Ubaldi [15] argues that “building an ecosystem that responds to specific demands asking

! Corresponding author: Anneke Zuiderwijk, Faculty of Technology, Policy and Management, Delft University of Technol-

ogy, Jaffalaan 5, 2628 BX Delft, The Netherlands. Tel.: +31 15 27 86471; E-mail: a.m.g.zuiderwijk-vaneijk@tudelft.nl.

1570-1255/14/$27.50 c! 2014 – IOS Press and the authors. All rights reserved



Open Government Data ecosystems

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

centric

Trafiklab
• Public transport
• Schedule, traffic
• Public-driven
• Consortium-based

HSL DevCom
• Public transport
• Schedule, traffic
• Public-driven
• Organization-

centric

City of Chicago
• City governance
• All kinds of city
• Public-driven
• Organization-

centric



Recommendations for the 
public platform provider

CC BY-SA 2.0 Jocelyn Kinghorn @ Flickr

Build community and trust
Maintain a clear vision
Be active and multi-functional
Build open communication
Develop open source software
Share data, other than your own
Adopt and promote open standards



Open data ecosystems – wishful 
thinking or successful business?



Maybe data isn’t the new oil?

It might be the new, renewable bio-energy
but we have to make it together

CC BY-ND 2.0 Alick Boych @ Flickr
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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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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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