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In a nutshell 

•  Basic concepts of innovation 
•  Testers and innovation 
•  Software testing aspects of open innovation  
•  Industry participants: how to invest in a community to 

get best value out from the open community  
•  Researchers: how to get open source tools spread and 

utilized in a wider audience 
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Tools in software research and practice 

•  Do you work on tools in your research? 

CC BY-NC-ND 2.0 
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Outline 

•  Background and definitions 
•  Industrial attitudes to open innovation – a survey 
•  Open source tools in practice – a case study  
•  Open innovation and test tools 

•  Implications for industry-academia collaboration 



WHAT IS INNOVATION? 
CC BY 2.0 Kay Kim @ Flickr 



Topical definitions 
•  An innovation is the implementation  

of a new or significantly improved product (good or service), 
or process, a new marketing method, or a new organizational 
method. [OECD 2005] 

•  Open innovation is a paradigm that assumes that firms can 
and should use external ideas as well as internal ideas, and 
internal and external paths to market  
[Chesbrough 2003] 

•  Open-source software (OSS) is computer software with its 
source code made available with a license in which the 
copyright holder provides the rights to study, change, and 
distribute the software to anyone and for any purpose  
[St. Laurent 2008] 
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Innovation Types 

§ Product Innovation is the introduction of a 
good or service that is new or significantly 
improved with respect to its characteristics or 
intended uses. 

§ Process Innovation is the implementation of 
a new or significantly improved production or 
delivery method. 



Innovation Types 

•  Marketing Innovation is the implementation 
of a new marketing method involving 
significant changes in product design or 
packaging, product placement, product 
promotion or pricing. 

•  Organizational innovation is the 
implementation of a new organizational 
method in the firm’s business practices, 
workplace organization or external relations 



Product innovation Process innovation 

Marketing innovation Organisational innovation 

Software technology 
new architectures, new 
languages, e.g. cloud 

technology 

Software engineering 
new processes, new 

methods, e.g. agile methods 

Software 
management 

new organisational models, 
e.g. outsourcing, open 

innovation, open source 
software 

Software business 
new business models, e.g. 

software as a service, 
crowdsourcing 

[OECD Oslo Manual – Guidelines for Collecting and Interpreting Innovation Data, OECD 2005] 

Software Innovation 



Test tools – the tester’s workbench 
Where is the innovation? 
Photo: CC avotius at Flickr 



Product innovation Process innovation 

Marketing innovation Organisational innovation 

[OECD Oslo Manual – Guidelines for Collecting and Interpreting Innovation Data, OECD 2005] 

Testing Tool Innovation – jUnit 

The framework in itself 
Eclipse plug-in  

Test-Driven Development 
Test and production code 
in the same language 

Open source 
Agile facilitator 

Bring developer and 
test views together 
Open source 



Tools in software research and practice 

•  Do you work on tools in your research? 
•  Would you like them to be used in practice? 
•  What does it take to make tools used? 
•  What are the costs/benefits for industry? 

CC BY-NC-ND 2.0 
Philip Kerrigan 
@Flickr 
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Abstract. Context. Innovation is promoted in companies to help them stay com-

petitive. Four types of innovation are defined: product, process, business, and

organizational. Objective. We want to understand the perception of the innova-

tion concept in industry, and particularly how the innovation types relate to each

other. Method. We launched a survey at a branch of a multi-national corpora-

tion. Results. From a qualitative analysis of the 229 responses, we see that the

understanding of the innovation concept is somewhat narrow, and mostly related

to product innovation. A majority of respondents indicate that product innovation

triggers process, business, and organizational innovation, rather than vice versa.

However, there is a complex interdependency between the types. We also iden-

tify challenges related to each of the types. Conclusion. Increasing awareness and

knowledge of different types of innovation, may improve the innovation. Further,

they cannot be handled one by one, but in their interdependent relations.

Keywords: product innovation, process innovation, business innovation, organizational

innovation, software engineering, software business, survey, case study, empirical in-

vestigation

1 Introduction

In recent years, the focus on innovation has increased in many lines of business. Novel

products and services have always been important, while with an increasing pace of

change, new technologies and market concepts being launched, with small vendors

coming up and changing the scene in very short time, the need for continuous inno-

vation is stressed in larger companies. Internet technologies for communication and

distribution, and products and services primarily differentiated with respect to software,

enables this shift by lowering the thresholds for new actors, and thereby threatening the

position of existing ones.

Innovation is not only bringing new products to the market. The Organisation for

Economic Co-operation and Development (OECD) Oslo manual [1], which is used to

guide national statistics collection on innovation, distinguishes between four categories

of innovation, i) product, ii) process, iii) marketing, and iv) organizational. These cat-

egories are defined as follows: A product innovation is the introduction of a good or

service that is new or significantly improved with respect to its characteristics or in-

tended uses [1, §156], while a process innovation is the implementation of a new or

significantly improved production or delivery method [1, §163]. In the context of soft-

ware engineering, we also count software development processes and practices as “pro-

duction” methods in the process innovation category. A marketing innovation is the

A Survey on the Perception of Innovation in 
a Large Product-Focused Software 
Organization 



Research Methodology 

•  Online internal survey in a local branch of Multi-national 
•  5,000 globally distributed employees 
•  Software development for communication devices 
•  229 responses received out of 900 

•  Respondents were managers, software developers and 
testers 

•  Transition from Closed Innovation to Open Innovation 



Research Questions 

1.  What are the general perceptions of the term innovation? 
2.  What relations are assumed between product and process, 

organizational and marketing innovation, respectively? 

3.  Which challenges exist with respect to the four types of 
innovation? 
 
 
 
 
 
 
 
 
 
 



Results (Quanitative Analysis) 
 
 
 
 
 
 
 
 
 
 
 



Results (Qualitative analysis) 
Innovation Perception  
•  Some respondents consider innovation as part of their 

everyday work, while others are a bit more unclear on the 
distinction between their everyday work and innovative 
activities, or just creativity as a process. 

•  A tester stated:  
“Working with testing does not lead to innovation in the 
product apart from some ideas that pops up occasionally.” 

  
 
 



Results (Innovation perception) 
 
“I don’t think it is possible to be innovative in this area 
[organizational innovation].” 

 
Lack of understanding amongst employees regarding 
interplay of different innovation types !! 
 
 
 
 



Results (Product vs Process Innovation) 
“If the development process is driven as a rigid framework that 
is complex and difficult to understand who decides what and 
why, then you do not get in the dynamics of ideas.” 
 

•  Strict and complex processes creates overhead, 
distraction and occupying time !! 

•  In contrast to other research: processes save time for 
routine work to spend on innovation 

•  Implication: solutions or tools that reduces overhead, 
distraction and time consumption help innovation 
 



Results (Product vs Process Innovation) 
“…well defined and established processes leads to innovative 
products.” 
 
“The process innovations are often meant to make 
development faster with more quality, but I’m not sure 
the gained resources are spent on product innovation.” 
 
•  Well defined process encourages innovation and 

creative thinking (role clarification) 
 
 

 
 
 
 
 
 
 
 
 



Results (Product vs Organizational 
Innovation) 

“With a flexible and happy organization I believe we can get a 
more innovative climate”  

“Organization organized for better collaboration (=no filtering, 
no proxies, smaller proximity, time zone, etc. . . ) is more likely 
to produce more innovative ideas. Layering, direct reporting, 
micro management, and similar old-school practices are killing 
innovation.” 
•  Crowdsourcing ideas, engaging in Open Source 

communities, welcoming third-party developers, 
acquiring promising startups are few ways of 
organizational innovation !! 

 
 
 
  
 
 
 
 
 
 
 
 
 
 



Results (Business Innovation challenges) 
•  Reaching the end customer 

–  Layers between producer and consumer makes it hard 
to articulate the needs of customers 

•  Product and marketing sync 
–  Views on top innovative features might differ in different 

organizational units 

– Wrong features might get promoted due to lack of sync 
between marketing and product development 



Results (Organizational Innovation 
challenges) 
•  Closed organizational borders 

– Missing out on existing knowledge beyond 
organizational borders 

•  Intra-organizational collaboration  
– Multiple managers can cause complex hierarchy and 

thereby, hard to prioritize features 

•  Intra-organizational learning 
– Unaware of existing knowledge in other organizational 

units may be a hindrance to an innovation process 

 
 
 
 
 



Conclusion from innovation survey 

1.  Product innovation is mostly associated with the term 
innovation 

2.  Product innovation triggers process and business; product 
and organizational innovation trigger mutually 

3.  Challenges relate to timing, attitudes and communication 
with customers, across departments 



Apply to your tools/technique/company 

•  What are your contributions to: 
–  Product innovation 
–  Process innovation 
– Market innovation 

– Organizational innovation 

CC BY-SA 2.0 Thomas Angermann @Flickr CC BY 2.0 Moyan Brenn @Flickr 



Product innovation Process innovation 

Marketing innovation Organizational innovation 

[OECD Oslo Manual – Guidelines for Collecting and Interpreting Innovation Data, OECD 2005] 

Testing Tool Innovation _________ 



Open Innovation using OSS: Findings from Case 
Study at Sony Mobile 

Hussan Munir & Johan Linåker (PhD Students) 



Case Study at Sony Mobile Lund 



Tools under study 

•  Gerrit is an OSS code review tool created by Google in 
connection with Android in 2007. It is tightly integrated with 
the software configuration management tool GIT, working as 
a gatekeeper, i.e. a commit needs to be reviewed and 
verified before its allowed to be merged into the main branch.  

•  Jenkins is an open source build server that runs on a 
standard servlet container e.g. Apache TomCat. It can 
handle Maven and Ant instructions, as well as execute 
custom batch and bash scripts. It was forked from the 
Hudson build server in 2010 due to a dispute between 
Oracle and the rest of the community.  



Sony Mobile’s Tools Department 



Research Methodology  

•  Mine the Jenkins and Gerrit code repositories  
•  Extract change log data 
•  Identify top stakeholders and contributors 
•  Select interviewees from the change log data 

•  Survey findings 
•  Answers to RQs 



Stakeholders’ Contribution  

18 Hussan Munir et al.

reached high level of compatibility of its code review processes and therefore
requires fewer commits in this area. This data shows an interesting pattern
in joining a software ecosystem. Since Sony Mobile is a large organization
with several complex processes their joining of the Gerrit ecosystem had to be
associated with substantial number of forward engineering and re-engineering
commits. In our opinion this entry to the ecosystem lowered the transition time
and enabled faster synchronization of the code review processes between the
Android ecosystem players and Sony Mobile. At the same time, Sony Mobile
contributed several substantial features from the first year of participation
which is positive for the ecosystem.

The yearly contribution analysis of the Gerrit commit data indicates that
a large portion of the commits, generated by Sony Mobile was made during
2012, which is subject to further investigation (see Fig. 6)

Fig. 5 Bubble plot for Sony Mobile commits by classification

Table 5 Percentage of Sony Mobile’s contribution compared to other Software organizations

Tools Sony Google Ericsson HP SAP Intel Others

Gerrit 8.22 38.52 0 0 10.70 0 42.55

PyGerrit 97.5 0 0 0 0 0 2.47

Gerrit-Event 66.1 0 3.34 4.06 0.23 2.03 24.25

Gerrit trigger 65.2 0 9.07 2.49 0.75 1.30 21.21

Team Views 100 0 0 0 0 0 0

External resource-
dispatcher-pl

89.6 1.48 4.83 0 0 0 4.08

Build Failure Analyzer 85.5 0 0 0 0 0 14.45



Reasons for OI adoption 



OSS Strategy makers 



Opening Up 

•  Process of opening up correlates to general adoption of 
Open Source in the company. 

•  Move from Windows to Linux. 
•  Adapting to Google’s Open Source tool chain. 
•  Bottom-up and Top-down 



Determinants of Openness 

Or… When to open up? 
•  Non-competitive and non-pecuniary assets 
•  Will the company benefit from the contribution/work? 
•  Will it gain traction and get accepted? 

•  Strategic factors, e.g. first-mover advantage 



Open Innovation Future 

•  Statement from an interviewee 
 
”Everything that Sony Mobile does will be open in the 
next 5 years” 

 
 
 



Apply to your tools/technique/company 

•  What is open? 
•  What is not? 
•  Why? 

CC BY 2.0 Alan Levine @ flickr  



Software Testing in Open Innovation: An 
Exploratory Case Study of the Acceptance Test 
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ABSTRACT

Open Innovat
ion (OI) has g

ained significa
nt atten

tion since

the term was int
roduced

in 2003. H
owever,

little is know
n

whether
general

softwar
e testing

process
es are well sui

ted for

OI. An explora
tory case study on the Acceptan

ce Test Har-

ness (A
TH) is con

ducted
to investig

ate OI testin
g activiti

es

of Jenk
ins. As far as

the research
methodol

ogy is conce
rned,

we extract
ed the change

log data of ATH
followed

by five

intervie
ws with

key contribu
tors in

the develop
ment of A

TH.

The findings
of the study are threefo

ld. Firs
t, it hig

hlights

the key stakeho
lders involve

d in the develop
ment of ATH

.

Second,
the study compares th

e ATH testing
activitie

s with

ISO/IEC/I
EEE testing

process
and present

s a tailored
pro-

cess for
softwar

e testing
in OI. Final

ly, the study underlin
es

some key challen
ges that softwar

e intensiv
e organiz

ations

face while working
with the testing

in OI.

Categories and Subject Descriptors

D.2.5 [Testin
g and Debuggi

ng]: [te
sting tool]

Keywords

Testing
, Open Innovat

ion, OSS, Acceptan
ce Test Harness,

Jenkins

1. INTRODUCTION

Open Innovat
ion (OI) is an

emerging paradig
m in Softwar

e

Enginee
ring (SE) wh

ich lacks em
pirical e

vidence
for softw

are-

intensiv
e organiz

ations.
In 2003, Chesbr

ough defined
OI

as follows
[6]: “A paradig

m that assumes that firms can

and should
use externa

l ideas
as well as

interna
l ideas,

and

interna
l and externa

l path to markets,
as they

look to advance

their technol
ogy”. One of the most well kn

own ways for

enablin
g OI in the softwar

e-intens
ive organiz

ations i
s the use

of Open Source
Softwar

e (OSS). However,
it is im

portant
to

acknow
ledge that OI and OSS are not the

same. In order fo
r

OSS to be used as an example of OI, firms’ OSS activiti
es

must be in line with their busines
s model to

create
and

capture
value. O

I is more transac
tional i

n nature,
compared

to OSS, wh
ere firms try to leverag

e externa
l knowl

edge to

accelera
te their interna

l innov
ation process

and in return,

contrib
ute back to the community by adoptin

g a selectiv
e

revealin
g strategy

[8].

Prior to
this stu

dy, we
conduc

ted a systematic mapping

study [11] on
OI in SE to identify

the research
in the field.

The study shows t
hat empirical s

tudies o
n the role of testin

g

in OI are scarce.
Further

more, sof
tware testing

in OI entail
s

a dual ro
le: 1) t

o verify the function
s and charact

eristics
of

open components
and services

, suppli
ed by the community,

and 2) to verify the function
s and charact

eristics
of servi

ces

delivere
d to stakeho

lder higher
up in the value chain (e.g.

internal
custom

ers, soft
ware de

veloper
s and testers)

. Furth
er-

more, it i
s still u

nknown
whether

or not t
he general

practice
s

of softw
are testing

are feasible
to deal wi

th the challeng
es of

OI.
This paves way for this explora

tory case study with the

main focus of softw
are testing

in OI. The
object

of stud
y

is Jenkins
, an open source

build server [2]. The main ob-

jective
of this

study is to identify
the top contrib

utors to

the Acceptan
ce Test Harness

(ATH) which is part of the

Jenkins
project

(see Section
3.1) and explore

the testing

process
es used

to test Jen
kins, us

ing ATH. Furthe
rmore, thi

s

paper present
s the key challen

ges faced by one of the key

contrib
utors to

Jenkins
(see Section

3.3).

2. RESEARCH DESIGN

In order to explore
softwar

e testing
activiti

es in OI, we

launche
d a case study [13] of a

n OSS project
, studie

d as an

instanc
e of OI. The

focus of the study is on the initiatio
n

and develop
ment of the

ATH to test Jenkins
in an auto-

mated fashion
. We conduc

ted the followin
g steps: fi

rst we

mined the ATH source
code reposito

ry and extract
ed the

change
log data, u

sing CVSAnly, to
charact

erize the top

ATH contrib
utors in the Jenkins

community.
Then,

face

to face semi-struct
ured intervie

ws were
conduc

ted with the

key softwar
e develop

ers of A
TH (see Table 1). Thi

rdly, we

analyze
d the OI testin

g by relating
the process

to a general

test pro
cess, an

d identifie
d key challeng

es for O
I testin

g.

2.1 Research Questions

Our gene
ral inte

rest in
underst

anding
OI aspec

ts of so
ft-

ware testing
are detailed

in three research
questio

ns:

RQ1: Who are the top stakeho
lders in

volved
in the devel-

opment of A
TH and are those stakeho

lders th
e same

as the contrib
utors o

f Jenkin
s?P
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Research Questions 

•  Who are the top stakeholders in the development of 
Acceptance Test Harness (ATH) ? 

•  What are the key challenges associated with testing in OI? 



Research Methodology 

1.  Extracted the Acceptance Test Harness change log data 
from GitHub 

2.  CVSAnalY Tool was used to extract and analyze data 
3.  Conduct interviews with the key contributors  



Case Selection and Unit of Analysis 

Jenkins 
•  A leading Open Source continuous integration server that 

offers more than 1000+ plugins building and testing Java 
projects 

Acceptance Test Harness 
•  This project consists of a reusable harness that can be 

used by plugin developers and users to write functional 
test cases. These tests can be also run with specific 
version of Jenkins core and a combination of plugins. 
 
 
 
 
 
 
 
 
 
 



Results (Top Stakeholders) 
 
 
 
 
 
 
 
 
 
 
 



Challenges  
•  Difficult to have a complete coverage 

•  Many different configurations 
•  Open plug-in nature (1000+)  

•  Subjective testing of Software Developers 

•  Lack of resources 
•  Core people in the community are really busy 

•  Hard to get an answer from the community quickly  

 



Conclusion 

•  The initial idea of ATH came from the community, the major 
Jenkins contributor brought ATH to the community’s attention 
at hackathons.  

•  Cloudbees, Redhat and Munich University came out as a 
third biggest contributor, which suggests strong ties between 
the Jenkins community and industry.  

•  The ATH testing process does not adhere to the ISO/IEC/
IEEE testing standard because testable features are 
identified by software engineers independently without any 
formal test plan. 
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ABSTRACT
Open Innovation (OI) has attracted scholarly interest from a wide range of disciplines since intro-
duced by Chesbrough [1], i.e. ”a paradigm that assumes that firms can and should use external ideas
as well as internal ideas, and internal and external paths to market, as they look to advance their
technology”. However, OI remains unexplored for software engineering (SE), although widespread
in practice through Open Source Software (OSS). We studied the relation between SE and OI and
in particular how OSS tools impact on software-intensive organization’s innovation capability.

We surveyed the literature on SE and OI [3] and found that studies conclude that start-ups have
higher tendency to opt for OI compared to established companies. The literature also suggests that
firms assimilating external knowledge into their internal R&D activities, have higher likelihood of
gaining financial advantages.

In a case study, we observed how OSS tools Jenkins and Gerrit enabled open innovation [2]. We
mined software commits to identify major contributors, found them be a�liated to Sony Mobile,
contacted five of them for interviews about their and their employer’s principles and practices with
respect to OI and tools, which they gave a consistent view of.

Our findings indicate that the company’s transition to OI was part of a major paradigm shift
towards OSS, while the adoption of open tools was driven bottom up by engineers with support
from management. By adopting OI, Sony Mobile achieved freed-up developers’ time, better quality
assurance, inner source initiatives, flexible development environment, faster releases and upgrades.
Particularly, the introduction of a test framework was proposed by Sony Mobile but implemented
by other contributors [2]. However, the benefits are gained through investing significant attention
and resources to the OSS community in terms of technical contributions and leadership.

BODY
Sharing software tools enables open innovation, brings faster upgrades and

frees up resources, but demands investments in the open community
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Credibility of research knowledge 

The language used by researchers is more technical and 
formal than the language used by practitioners. This is not 
a comment about the relative competence of practitioners 
and researchers, but rather a comment on the process of 
communication. Researchers often choose to 
communicate in writing as this allows the development of 
more abstract and complex arguments. Verbal 
communication typically does not allow the development 
of arguments with comparable complexity. Written 
communication may present separate difficulties for 
analysis compared to transcriptions of verbal 
communication. 

4. Analyses 

4.1 Summary of the analyses 

Table 3 summarises the main ‘opinions’ identified in the 
analysis, the source of those opinions, and some examples 
of the statements that express those opinions. 

Given that four papers are reviewed there are actually a 
surprisingly small number of opinions identified in Table 
3. This is a reflection of the fact that the analysis of the 
papers was focused by the issues identified from the 
transcription.  A further point of interest is that the 
publication that expressed the most ideas, Sharp et al. 
[31], is the publication that is most similar, 
methodologically, to the current investigation.  

4.2 Evidence, opinion and the credibility of 
knowledge

The data presented in Table 1 suggests that developers 
want evidence of the benefits of SPI and that they 
probably want local empirical evidence. According to 
some of the evidence presented in Table 3, however, 
practitioners seem to discount empirical evidence in 
favour of local opinion (point 7), and practitioners prefer 
local expertise (point 6). There is then a possible 
contradiction between Table 1 and Table 3: according to 
Table 1 developers value empirical evidence; according to 
Table 3 practitioners seem to discount any empirical 
evidence. 

Contradictions in data sets being analysed are potentially 
useful in qualitative analysis because they can ‘force’ the 
analyst to try to resolve the contradictions, and this 
encourages a deeper analysis of the data. Where an 
analyst can demonstrate the resolution of contradictions 
then this demonstration should increase the credibility of 
the analysis conducted, and the credibility of the insights 
found. 

It seems that one point of resolution between the two data 
sets is the emphasis on local information. In Table 1 

developers seem to prefer local empirical evidence. In 
Table 3 practitioners seem to prefer local opinion. The 
data set of four papers presents more empirical evidence 
than the focus group data set. Given the ‘empirical 
weight’ of the data set of four papers, we might extend 
our line of reasoning by suggesting that practitioners 
prefer local opinion, then local empirical evidence and 
then external empirical evidence. A further extension in 
our line of reasoning leads to a suggested hierarchy of 
credible knowledge for practitioners, as presented in 
Table 4. 

Table 4 Credibility of knowledge 

Source Type of knowledge 
of knowledge Opinion Empirical 

Local 1 (most) 2 
Remote 3 4 (least) 

In this hierarchy, local opinion may be the most credible 
type of knowledge to practitioners and remote empirical 
evidence the least credible. Sharp et al.’s findings, that 
developers are committed to the excellence of what they 
do (see Table 3, opinion 3) and believe that they can 
achieve very high standards (see Table 3, opinion 4) 
perhaps explain their preference for local expertise. 

Stelzer and Mellis [32] and Moitra [30] both claim that 
developers are sceptical (see Table 3, opinion 2). These 
insights can be taken as support for both the claims of the 
developers (i.e. that they want evidence) and the claims of 
Sharp et al. (i.e. that at least some types of evidence are 
not acceptable). 

McCroskey's investigations (e.g. [33], see also [34-36]) 
into persuasive communication provides an example that 
supports the suggestion of a hierarchy of knowledge. 
McCroskey argues that a speaker should first draw upon 
the opinions, values and attitudes already held by the 
audience; that the speaker should then draw on their own 
opinions, values and attitudes; and only when these two 
strategies fail (or as a complement to either of these two 
strategies) the speaker should draw on third-party facts 
and opinion. 

The hierarchy given in Table 4 appears to contrast with 
the type of knowledge typically valued by academics. It 
would seem logical for academics to place a high value on 
empirical evidence and to place a low value on 
opinion/anecdote e.g. [17]. 

The issue of the credibility of knowledge, and the related 
issue of the preference for local opinion, present a serious 
implication for empirical research on software process 
improvement. Even if researchers could demonstrate a 
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