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ABSTRACT 
Today IT departments face an increasingly dynamic environment, shorter product lifecycles, 
and cost pressure. On top of that, the rapid development of new IT-enabled business models 
and a fast-growing hardware market, as well as its segmentation, have led to an increasing 
degree of complexity in software testing. Given this increased complexity, the domain of 
software testing is beginning to develop manifold approaches in order to overcome this issue. 
One approach to cope with the issue is crowdsourcing. In crowdsourced software testing 
(CST) or crowdtesting, a diverse pool of people test software in real environments using their 
own devices. While there are initially promising results to suggest that crowdsourcing could 
be a feasible option in software testing, there are neither structured insights on the perfor-
mance of CST, nor on how organizations can make use of CST. Using an exploratory quali-
tative approach, this dissertation synthesizes existing knowledge regarding the performance 
and conditions of CST. Following that, it empirically evaluates the performance of CST by 
conducting two case studies, thus identifying favourable instances and scenarios of CST that 
organizations find most beneficial. Based on these insights, I engaged in action research with 
multiple organizations in order to examine how organizations can benefit from CST, which 
activities are necessary, and how existing roles are changing. As a result, this dissertation 
presents an activity model, which is applicable for many different CST approaches. The dis-
sertation provides a number of theoretical contributions. First, the dissertation synthesizes 
research on crowdsourced software testing and provides a classification into software testing 
types. It then elaborates on the instances in which CST is advantageous and presents a model 
to determine the relative advantage of CST. Finally, I found that CST, once sufficiently de-
veloped, is best conceptualized as a set of recurring activities, which consider both universal 
and contextual elements. Subsequently, I created an activity framework and identified three 
approaches of adaptation that organizations frequently use. For practitioners, the activity 
model serves as a guideline with precise action taking in crowdsourced software testing pro-
jects for test managers. The dissertation further contributes knowledge to when CST might 
be a favourable testing tool. Lastly, the dissertation provides a simple and hands-on five-step 
guideline for test executives and CIOs intending to get started with CST within their organi-
zation. 
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ZUSAMMENFASSUNG 
Die Domäne des Software Testing sieht sich angesichts der rasanten Entwicklung neuer IT-
gestützter Geschäftsmodelle und eines schnell wachsenden Hardwaremarkts, sowie dessen 
Segmentierung, zunehmend unter Druck. Angesichts der gestiegenen Komplexität werden 
vielfältige Ansätze im Software Testing entwickelt, um dieses Problem zu überwinden. Ein 
Ansatz dafür ist Crowdsourcing. Beim so genannten Crowdsourced Software Testing (CST) 
oder Crowdtesting, testet eine diverse Gruppe von Menschen eine Software unter realen Be-
dingungen und mit eigenen Endgeräten. Erste Ergebnisse aus Wissenschaft und Praxis liefern 
vielversprechende Ergebnisse, der Forschungsbereich ist jedoch fragmentiert und es gibt we-
der strukturierte Erkenntnisse über die Leistungsfähigkeit von CST, noch Erkenntnisse dar-
über, wie Unternehmen dies für sich nutzbar machen können. Mit Hilfe eines explorativ-qua-
litativen Ansatzes wird in dieser Dissertation zunächst das vorhandene Wissen über CST zu-
sammengefasst. Im Anschluss daran wird die Leistung von CST anhand von zwei Fallstudien 
empirisch evaluiert und so vorteilhafte Fälle und Szenarien für den Einsatz von CST identifi-
ziert. Basierend auf diesen Erkenntnissen untersucht die Dissertation im weiteren Verlauf, 
wie Organisationen von CST profitieren können, welche Aktivitäten dazu notwendig sind und 
wie sich bestehende Rollen verändern. Im Ergebnis wird ein Aktivitätsmodell vorgestellt, das 
für viele verschiedene CST-Ansätze anwendbar ist. Darüber hinaus liefert die Dissertation 
eine Reihe theoretischer Beiträge. Erstens liefert die Dissertation eine Aufbereitung der aktu-
ellen Literatur und bietet eine Einteilung der CST-Forschung in die verschiedenen Software 
Testing Praktiken. Zweitens werden vorteilhafte Szenarien für den Einsatz von CST heraus-
gearbeitet und ein Modell zur Bestimmung des relativen Vorteils von CST vorgestellt. Drit-
tens wird ein Aktivitätsmodell entwickelt und drei Anpassungsansätze identifiziert, die von 
Organisationen häufig genutzt werden, um CST zu adaptieren. Für Praktiker dient das entwi-
ckelte Aktivitätsmodell als Leitfaden bei der Durchführung von Software-Testprojekten. 
Weiterhin bietet die Dissertation eine einfache und praxisnahe Einführung für Testverant-
wortliche und CIOs, die CST in ihrem Unternehmen einsetzen möchten.
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1 INTRODUCTION 

1.1 Motivation 

Software testing is an integral part in ensuring quality in software development. However, 
many IT departments face an increasingly dynamic environment, shorter product lifecycles, 
and cost pressure. On top of that, the rapid development of new IT-enabled business models 
and a fast growing hardware market, as well as its segmentation, that is smartphones, tablets, 
wearable technologies or the “Internet of things”, lead to an increasing degree of complexity 
in software testing. Given the increased complexity, the domain of software testing is begin-
ning to develop manifold approaches in order to overcome this issue. One approach is test 
automation, i.e. the automated execution of pre-scripted tests via software (Huizinga and 
Kolawa 2007). However, since automated testing is still not applicable in many settings, (Rafi 
et al. 2012) and most tasks still require human intelligence to be performed, traditional ap-
proaches to software testing are becoming less applicable – both economically and practicably 
(Bacon et al. 2009; Dolstra et al. 2013). With the advent of digitization, and the rise of ad-
vanced web technologies, more and more companies are using IT to connect with groups of 
individuals for resource (Prpic and Shukla 2016) and value creation purposes (Afuah and 
Tucci 2012; Jeppesen and Lakhani 2010). Using groups of individuals over the internet, who 
voluntarily undertake tasks based on a flexible open call, is known as crowdsourcing 
(Durward et al. 2016) and recently found its application in software testing (LaToza and van 
der Hoek 2016). In crowdsourced software testing (CST), or crowdtesting, a diverse pool of 
people test software in real environments using their own devices (Leicht et al. 2017). This 
form of quality assurance is adapted from open source code reviews, following the mantra: 
“Given enough eyeballs, all bugs are shallow” (Raymond 1999). 

While the research on this topic is still in its inception, a number of studies have already 
examined crowdsourcing for software testing. Existing literature predominantly describes 
crowdsourcing as a system with three components: the crowd, the intermediary, and the IT 
platform. Regarding the crowd, Tung and Tseng (2013) suggest that guided crowd testers 
require less time and testing effort than random groups. Moreover, it was found that a time-
pressured crowd performs better in comparison to non-time-pressured individuals (Mäntylä 
and Itkonen 2013). The crowd is usually reached through an intermediary who manages the 
process, the crowd, and the technology (Tajedin and Nevo 2013; Zogaj et al. 2014). From a 
system’s perspective, Bacon et al. (2009) explore the possibility of using market mechanisms 
to enhance software evolution and provide a comprehensive overview of the application of 
crowdsourcing in bug and vulnerability reporting. Crowdsourced software testing has been 
applied for manifold types of testing such as the testing of graphical user interfaces and mobile 
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applications (Amini et al. 2012; Dolstra et al. 2013), functional bug testing (Gómez et al. 
2016), and validation and acceptance testing (Gordon 2014), as well as for quality of experi-
ence testing (Hoßfeld et al. 2014) and was found to be both technically feasible and suffi-
ciently reliable.  

Research on crowdsourced software testing has made great strides over the last few years and 
these studies deliver the initial insights, which suggest that crowdsourcing could be a feasible 
option in software testing. However, much remains unclear. First, a clear systematization and 
overview of results of CST, as well as a proper classification into software testing terminol-
ogy, is crucial. To address this issue, a systematic literature review synthesizes preliminary 
results and existing knowledge of crowdsourcing for software testing. Further, the literature 
review serves as a starting point to empirically evaluate the performance of crowdtesting, and 
thereby presents crowdtesting as a possible solution in gaining higher software testing quality. 
Secondly, the perspective of an organization that seeks to crowdsource a task, as well as 
guidelines on how to conduct crowdsourced software testing initiatives, have largely been 
neglected in crowdsourcing research and are only examined on a conceptual level (Afuah and 
Tucci 2012; Zhao and Zhu 2014). In addition, another research gap unfolds since there is still 
little knowledge regarding the instances in which crowdtesting can be a superior sourcing 
approach, and also regarding the underlying performance factors for crowdtesting, such as 
user expertise or task design (Haerem and Rau 2007). This dissertation addresses this research 
gap by developing an activity model for crowdsourced software testing. This model provides 
valuable insights for the management of crowdsourcing initiatives from an organization’s 
point of view and systematically addresses challenges for crowdsourcing in a software testing 
environment. 
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1.2 Research Questions 

In order to accomplish these research goals, the research agenda follows three research ques-
tions (RQ). The research questions are structured and framed in order to depict substantive 
stand-alone contributions for research papers. Subsequently, every research question in this 
cumulative dissertation is answered by two paper projects.  

RQ1: What is the current state of the art in crowdsourced software testing? 

Research on CST has made great strides over the past few years. CST was applied for various 
testing types (including usability testing, validation testing), and in various research contexts 
(i.e., education, corporate context, and experimental settings) and has shown to be a feasible 
and reliable tool in software testing. Despite these merits, CST research is mostly unstructured 
and often lacks a proper “terminology” and classification of existing software testing prac-
tices. There is, therefore, no systematization of CST research. To understand crowdsourcing 
in a software testing context, however, we first need to understand what is already known 
about the basic conditions, requirements, and possible applications and its shortcomings. An-
swering RQ1 will demonstrate the CST research landscape and provide a comprehensive 
overview and systematization of CST research. It thereby provides a synthetization of the 
fields of crowdsourcing research and traditional software testing. On top of that, answering 
RQ1 will outline the testing types where CST had already been applied. Finally, it will dis-
tinguish the term from related phenomena such as beta testing, in order to create a sound 
knowledge base as input for RQ2 and RQ3.  

RQ2: What is the relative advantage of crowdtesting compared to in-house testing? 

Today, organizations are confronted with whether to turn to the new option of CST, or to use 
proven governance structures such as in-house testing approaches. While firms want to 
choose the most advantageous option for solving a given type of problem, it is not clear when 
crowdsourcing is advantageous compared to other governance structures (Afuah and Tucci 
2012; Bernstein et al. 2012; Zhao and Zhu 2014). RQ1 provides insights regarding the appli-
cation of crowdsourcing in software testing and displays the areas in which crowdsourced 
software testing has been able to produce sufficient results. However, scholars have so far 
disregarded to elucidate the conditions and instances in which CST might produce similar or 
superior results compared to traditional approaches, and approaches on how to achieve these 
results. To address this issue, this dissertation aims to relate the effectiveness of CST and the 
associated costs, to the effectiveness and costs of in-house testing, ultimately leading to the 
instances in which crowdsourced software testing is advantageous compared to in-house pro-
duction. Hence, favourable scenarios and approaches are outlined and described. 
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RQ3: How do organizations adapt crowdsourced software testing? 

After RQ2 focused on the performance and economic feasibility of crowdtesting, and identi-
fied economically favourable instances for the use of crowdtesting, there is still one gap to 
close. How can organizations make use of this and adapt crowdsourced software testing? IT-
enabled crowdsourcing certainly has the potential to transform the ways in which work in 
organizations is organized and how value is created. However, CST requires a different pro-
cess model, governance structure, and activities in software testing. We face a lack of this 
particular knowledge about how to conduct crowdsourced software testing in an organization 
and adapt it. This issue refers to the adaptation of technology-driven solutions such as 
crowdsourcing, which is defined as the active process of developing and implementing a new 
solution, including the revision and development of existing or new organizational processes 
(Cooper and Zmud 1990). Research so far has not provided any insights into the core issues 
and activities that have to be defined when actually implementing CST. Thus, answering RQ3 
will provide two major contributions. Firstly, it provides an activity model that unfolds the 
necessary activities and process changes for different type of CST in an organizational setting. 
Secondly, building on that, adaptation approaches evolve that help organizations implement 
CST and leverage its potentials. 
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1.3 Structure of the Thesis 

The research questions are successively addressed and answered by means of six publications, 
which together constitute the core of this cumulative dissertation. Each publication addresses 
one particular research question (cf. Figure 1).  

 
Figure 1: Structure of Dissertation 

Hence, the thesis proceeds as follows: following this introduction, Chapter 2 presents the 
conceptual background by approaching the concept of crowdsourcing, as well as a definition 
and confinement of different types of software testing. Following that, the term crowdsourced 
software testing is introduced and defined. Chapter 3 describes the employed research meth-
ods. This is followed by the presentation of the main dissertation results (Chapter 4) and an 
overview of the publications included in the thesis (Chapter 5). Chapter 6 to 11 present the 
six publications of this dissertation, including the corresponding results. Thereafter, the theo-
retical contributions (Chapter 12) and practical implications (Chapter 13) of the thesis are 
outlined. Subsequently, Chapter 14 summarizes the limitations of this dissertation. Finally, 
the dissertation closes by discussing future research avenues. 
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2 CONCEPTUAL BACKGROUND 

2.1 Software Testing 

Software testing is an integral component of software development and is arguably the least 
understood part of the software development process (Whittaker 2000). There are several 
definitions of the activity itself, and the purpose of software testing. Oftentimes software test-
ing is defined as the “the process of executing a program with the intent of finding errors” 
(Myers et al. 2011). Another very common definition is “Software testing is the process of 
executing a software system to determine whether it matches its specification and executes in 
its intended environment.” (Whittaker 2000) 

It is therefore important to note that the fact that the system is being executed is a character-
istic that distinguishes software testing from code reviews, in which uncompiled source code 
is analysed (sometimes referred to as “static testing”) (Roggio et al. 2014). Whilst this defi-
nition offers a very important confinement to code review, it is quite mechanistic and does 
not take account for the increasing emergence of digital software products as well as increas-
ing expectations of users towards software.  

In this vein, software testing can be seen as the verification process for the assessment of 
software quality and a process for achieving that quality by supporting the interests of all 
stakeholders of an application, that is, end-users, developers, software designers, and soft-
ware testers (Bertolino 2007; Naik and Tripathy 2011). To achieve this goal, it becomes clear 
that different types of testing, by various stakeholders, at different times (during or subsequent 
to development) need to be performed (Roggio et al. 2014). Subsequently, this definition im-
plies that there are different types and methods of testing and, indeed, there are numerous 
classifications depending on one’s standpoint. Most of the following typologies are not mu-
tually exclusive and are sometimes used interchangeably. 

One approach to classify software testing is based on the software’s environment, which it is 
modelled on. That is, unit testing, integration testing, and system testing. In unit testing, the 
tester is only concerned with individual software components, or a collection of components. 
In integration testing, however, multiple components are tested. Here, the focus of integration 
lies on the communication between the components. System testing refers to the testing of all 
components as deliverable products (Whittaker 2000).  

Another classification, which is not mutually exclusive to the prior one, is based on the “vis-
ibility” of the code for the tester, and it divides white-box-testing (also referred to as structural 
or glass-box testing) and black-box-testing. (Also referred to as end-user testing) (Roggio et 
al. 2014). In white-box testing, the tester performs testing through examination and 
knowledge of source code. The goal is to ensure that internal operation performs according 
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to the software specification, and that all internal components have been adequately exercised 
(Pressman 2005). In contrast, in black-box-testing the tester does not know the source code 
and only the inputs and outputs are visible. This form of testing does not only cover functional 
aspects, it may also cover non-functional aspects such as performance, reliability, and security 
of a software. Thus the main concern is the production of the correct output given specific 
inputs (Roggio et al. 2014). In this vein, there is often also a distinction between functional 
testing and non-functional testing. 

The last pairing of terminologies often used in software testing is verification testing and 
validation testing. Again, these terms are not mutually exclusive to black-box or white-box-
testing and are used depending on the stakeholder. Verification testing is the evaluation of 
products in a given development activity to determine both correctness and consistency with 
respect to the products and standards provided as input to that specific activity. In summary, 
verification ensures that “you have built the software right”. In contrast, validation testing 
(also referred to as acceptance testing), ensures that the application as provided will fulfil its 
intended use. Validation testing therefore ensures that “you built the right software” (Stutzke 
2005). 

Finally, and thus not part of the “traditional” testing terminology, there are several forms of 
testing that are concerned neither with verification or validation testing nor functional/non-
functional testing. These testing methods examine the usability or quality of experience (QoE) 
of a software; respectively the entire service provided by an application. Usability testing is 
defined as “the extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency, and satisfaction in a specified context of use” (ISO 9241-
11 1998). Subsequently, usability testing is a software test with the goal of improving it 
(Dumas and Redish 1999). Quality of experience refers to the “degree of delight or annoyance 
of the user of an application or service. It results from the fulfilment of his or her expectations 
with respect to the utility and/or enjoyment of the application or service in the light of the 
user’s personality and current state” (Brunnström et al. 2013). Quality of experience testing 
refers to four levels, which are the context, the user, the system, and the content level (Hoßfeld 
et al. 2014). 

For the course of this dissertation, I use the following classification of testing practices: 

(1) Functional (black-box-testing) and verification testing: all testing activities (on every soft-
ware level) that are concerned with functionality and the verification that the software is 
“built the right way” 

(2) Non-functional testing (e.g., performance testing or vulnerability testing): all testing ac-
tivities referring to the verification and validation of non-functional aspects such as relia-
bility, performance and security. 
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(3) Validation and acceptance testing: all testing activities conducted by potential end users 
(or similar groups) to ensure that the “right software” is built. 

(4) Usability testing: all testing activities concerned with the testing of the effectiveness, ef-
ficiency, and satisfaction in a specified context of use. 

(5) Quality of experience testing: all testing activities that examine the overall experience with 
the software product (i.e., context, user, system, and content level). 

The advent of digitization and the rapid development of new IT-enabled business models led 
to an increased complexity in software testing. Especially, traditional manual scripted testing 
is becoming less applicable in many scenarios. Hence, the domain of software testing is about 
to develop alternative approaches in order to overcome this issue. One approach is test auto-
mation, i.e. the automated execution of pre-scripted tests via software (Huizinga and Kolawa 
2007). However, automated testing is still not applicable in many settings (especially GUI 
testing) (Rafi et al. 2012). A promising approach that is enabled by the rise of advanced web 
and communication technologies is to involve groups of individuals for software testing pur-
poses using the concept of crowdsourcing. 

2.2 Crowdsourcing 

The basic principle of crowdsourcing is that a crowdsourcer (i.e., a company, organization, 
or an individual) proposes a voluntary undertaking of a task via an open call to an undefined 
group of crowdsourcees (i.e., individuals, formal or informal teams; also referred to as) 
(Blohm et al. 2013; Kittur et al. 2013). The term itself is a neologism that combines crowd 
and outsourcing (Zhao and Zhu 2014) and was first coined by Jeff Howe in an article in Wired 
Magazine (Howe 2006b). Crowdsourcing represents a fundamental shift and extends the fron-
tiers of available skills or knowledge beyond the boundaries of organizations or suppliers 
(Geiger et al. 2012). With crowdsourcing, it is possible to mobilize the expertise and creativity 
distributed among a large panel of people in order to achieve a certain set of tasks (Schenk 
and Guittard 2011), and not just preselected contributors from a supplier (Afuah and Tucci 
2012). Enabled by the advent of digitization, and the rise of advanced web technologies, the 
interaction process unfolds over IT-based crowdsourcing platforms or systems. Such systems 
are either organized by the crowdsourcer or provided by a third party: the crowdsourcing 
intermediary. A crowdsourcing intermediary offers professional services by enabling 
crowdsourcers to present their tasks to specific crowd workers for which they have to pay a 
service fee (Zogaj et al. 2014). 

Crowdsourcing represents a new form of value creation and requires different activities and 
responsibilities compared to in-house approaches or outsourcing (Bernstein et al. 2012). Ac-
cordingly, the roles and activities in different crowdsourcing scenarios can also vary. To better 
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illustrate the differences, Figure 2 depicts the different modes of crowdsourcing compared 
to traditional outsourcing. In traditional outsourcing, the principal negotiates the terms of the 
outsourcing degree, as well as the mode of outsourcing and the outsourcing company delivers 
the a priori specified services (Dibbern et al. 2004). In a mediated crowdsourcing setting (II), 
an organization selects an intermediary who acts as a service provider. Thus, the intermediary 
manages the crowdsourcing process, including the identification and invitation of the 
crowdsourcees, the allocation of tasks, as well as the remuneration for the crowdsourcees via 
its IT-based platform (Blohm et al. 2016; Zogaj et al. 2014). The tasks are then processed by 
the crowdsourcees on the intermediary’s IT platform. The organization usually pays a fixed 
fee for the services and only interacts with managers from the intermediary. An organization 
can, choose to perform crowdsourcing without an intermediary in place (III). In this scenario, 
the organization takes the responsibilities of the intermediary and has to perform various other 
tasks and governance mechanisms, such as the motivation and incentives of crowdsourcees, 
communication with crowdsourcees, and many others (see Zogaj et al. 2015 for details). 

 
Figure 2: Crowdsourcing Intermediation 

Crowdsourcing has enjoyed increasing popularity in recent years, and is being applied for 
manifold value creation activities across a broad range of industries such as health care, au-
tomotive, and even Nano-biology. For instance, leading software and IT companies, such as 
IBM (Bjelland and Wood 2008), Fujitsu-Siemens (Füller et al. 2011), and SAP (Leimeister 
et al. 2009) applied crowdsourcing for the purpose of idea generation by using ideas compe-
titions. In these competitions, hundreds of people are invited to submit ideas and solutions 
regarding the underlying issue, with the best ideas and solutions then being rewarded after-
wards. Crowdsourcing recently found its application in software development (e.g., via plat-
forms such as Upwork1 or TopCoder2) and software testing. 

                                              
1 www.upwork.com 
2 www.topcoder.com 
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2.3 Crowdsourced Software Testing (CST) 

In crowdsourced software testing (CST), or crowdtesting, a diverse pool of people test soft-
ware in real environments using their own devices (Leicht et al. 2017). This form of quality 
assurance is adapted from open source code reviews, following the mantra: “Given enough 
eyeballs, all bugs are shallow” (Raymond 1999). CST has been applied for various testing 
types (such as usability testing, validation testing) and in various research contexts (including 
education, corporate context, and experimental settings) and has shown to be a feasible and 
reliable tool in software testing. There are a variety of crowdsourcing intermediaries such as 
Applause3 or Testbirds4, offering professional crowdtesting services for various types of test-
ing (reaching from user experience testing to security and vulnerability testing (Leicht et al. 
2016b). Depending on the type of testing, the tasks, as well as the targeted crowds, can be 
very diverse (Stol and Fitzgerald 2014). Usually, crowds are engaged via an episodic or col-
laborative IT structure (Prpic and Shukla 2016). CST however, incorporates parts of both. 
While testers usually participate in a “competition”-like bug hunt, the result of a crowdtest – 
a list of bugs – is the collaborative effort of the entire crowd. Furthermore, testers have an 
elaborated online profile to display their skills and experience, thus acting as crowd workers 
in a virtual labor market (VLM) (Durward et al. 2016). In this vein, CST can be considered 
as both tournament crowdsourcing and a VLM (Prpić et al. 2015). 

CST can be applied in a number of different types of testing but research so far usually applied 
CST in dynamic testing scenarios, where a written code is executed and examined by the 
crowd. Further, the crowd is usually concerned with output given by specific inputs since they 
do not know or see the source code. To a certain degree, these characteristics match the defi-
nition of beta testing as well. Beta testing is defined as “operational testing by potential and/or 
existing users/customers…to determine whether or not a component or system satisfies the 
user/customer needs and fits within the business processes. Beta testing is often employed as 
a form of external acceptance testing for commercial, off-the-shelf software in order to ac-
quire feedback from the market” (ISTQB). 

Thus, CST and beta testing both use external resources to test software under real-world con-
ditions. Subsequently, the terms are sometimes used interchangeably; however, there are four 
substantial differences between CST and traditional beta testing: 

 

 

                                              
3 www.applause.com 
4 www.testbirds.de 



 

11 

 

(1) CST has an increased scope compared to beta testing: with CST, it is possible to acquire 
testers without addressing the general public and let the crowd evaluate software mock-
ups or designs, perform regression testing, perform non-functional testing such as perfor-
mance testing, and conduct verification and quality assurance tests right before the re-
lease. In contrast, beta testing usually functions as the final quality gate before software 
release. 

(2) CST is task-based: whereas beta testing usually has a strong explorative focus (“Use the 
software and report bugs”), crowdsourced software testing tasks are much more specific. 
Testers are asked to go on a user journey and test certain use cases or even conduct tradi-
tional test cases. 

(3) CST users are trained and have an incentive to report bugs: in beta testing, testers usually 
do not receive a reward. In CST, testers frequently receive monetary rewards (often on a 
per bug basis). Sometimes, the payment is on a first-come, first-served basis so that testers 
have a strong incentive to be fast and to train themselves to properly report bugs. 

(4) CST has tester-task matching: in beta testing, the call for participation is rather open. With 
CST, companies are able to select testers from a large pool of individuals based on a 
variety of factors and characteristics (e.g. testing skills, language, devices, age, and gen-
der). The selection therefore provides an efficient way to match tasks and testers, thus 
ensuring that only suitable people test the software. 

  



 

12 

 

3 RESEARCH METHODS 

3.1 Qualitative Research Approach 

In this section, I will briefly describe the research approach of this dissertation. The overall 
goal of the dissertation is to examine CST as a possible new tool in software testing in order 
to increase software quality. Considering the research goal, I follow an exploratory qualitative 
approach in this thesis. Qualitative research has become more and more popular in IS re-
search, especially in Europe, and is now seen as a legitimate and viable research method in 
the discipline (Sarker et al. 2013). It is very appropriate when researching social-technical 
interactions and arising issues (Goh et al. 2011; Vlaar et al. 2008). Furthermore, qualitative 
approaches are complex structures that arise out of interactions between different actors and 
IT tools or systems. Researching CST, its performance, and organizational adaptation in-
volves many different actors such as test managers and crowdsourcees, as well as many dif-
ferent IT-tools and socio-technical systems on which the actors interact with each other (e.g. 
CST platform). Hence, the use of a qualitative research approach is suitable. In this vein, the 
next section outlines the research methods used in this thesis. 

3.2 Literature Review 

The literature review is an essential approach to conceptualize research areas and synthesize 
prior research (Webster and Watson 2002). There are, therefore, very different approaches 
and goals when conducting a literature review, ranging from purely qualitative (narrative lit-
erature review), to a meta-analysis where the goal is to provide support for a research topic 
by synthesizing and analysing the quantitative results of numerous empirical studies (cf. 
(King and He 2005). 

 
Figure 3: Literature Review Types (King and He 2005) 

In the context of the dissertation, the object of the literature review is to portray the landscape 
of CST as an emerging research area and provide a comprehensive overview over the work 
researchers have done so far. Therefore, a descriptive review approach is the most suited for 
the current state of research in this area. A descriptive literature review focuses on revealing 
reproducible and quantifiable results. It offers quantification concerning publication time, re-
search methodology, and research outcomes (King and He 2005). While my descriptive ap-
proach is more of a traditional narrative literature review regarding its purpose, I follow a 
protocol-based approach to conducting the review (cf. Figure 4). I explicitly describe the 
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steps and processes for searching, selecting, and validating studies and summarizing results – 
characteristics of a systematic literature review (SLR) (Boell and Cecez-Kecmanovic 2015). 

As a first step, I developed a research protocol to address a specific research question. In Step 
2, database searches are conducted according to the protocol, in order to identify relevant 
publications. The retrieved publications are then screened for quality of method and findings 
(Step 3), and are narrowed down to those publications considered appropriate for the review. 
Based on the selected publications, I compile them by synthesizing the findings of the publi-
cations (Step 4), before the results are presented and discussed (Step 5). 

 
Figure 4: Overview of the SLR Process (Boell and Cecez-Kecmanovic 2015) 

After specifying the research question, I determined the sources for literature search. Firstly, 
since the topic is relatively new it is unlikely that there are many existing publications in top 
journals in the respective fields. Secondly, literature on CST is at the interface between infor-
mation systems research, software engineering, and computer science. Hence, I determined 
the major databases for these research streams (IEEE Xplore, ACM digital library, the elec-
tronic library of the AIS (AISeL), and EBSCO Host Business Source Premier (BSP)) as 
sources. To ensure a broad range of papers are included, I used the search terms “crowd*” 
AND “software*”, “crowd*" AND "testing”, “crowd” AND “usability”, as well as “crowd” 
AND “user experience”. As a search strategy, I looked for the strings in a paper’s title, key-
words, and abstracts. Backward and forward searches were also performed to identify more 
relevant literature. Since the keyword search was very broad, and various databases have dif-
ferent formats, adaptations to the specific search strings were made. The inclusion of results 
was based on three criteria. These criteria included a research focus on crowdsourcing, soft-
ware testing or a related field (i.e., usability testing, user experience/quality of experience 
testing), a purpose of this paper that was not entirely descriptive, and full-text online availa-
bility of the paper in one of the mentioned databases. The search was conducted in March 
2017 and revealed more than 2000 hits in the respective databases. After applying the search 
strategy and inclusion criteria, 35 papers matched these criteria and were further examined 
and synthesized to gain an overview of the state-of-the-art of CST research. 
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3.3 Case Study Research 

In order to address a main research objective of the dissertation, which is the comparison 
between CST and traditional manual in-house testing, as well as the investigation of favour-
able scenarios for the use of CST, this thesis draws on the case study approach. Case study 
research is widely accepted in the IS community as an appropriate research method for stud-
ying IT-related phenomena (Dubé and Paré 2003). A case study design is useful when the 
phenomenon under scrutiny has not yet received appropriate attention in the extant literature, 
and when existing knowledge with regard to the issue is vague and ambiguous (Eisenhardt 
and Graebner 2007) as in the case of CST. The case study approach is especially useful for 
exploring new phenomena, such as crowdsourcing, in the domain of software testing. Fur-
thermore, case studies can provide a deeper understanding of important issues when the avail-
able data is limited, since they allow observing, exploring, and explaining new phenomena 
within their real-life settings. This is especially important when analysing the advantageous 
scenarios of CST, and comparing the performance to traditional in-house testing, since it is 
almost impossible to separate the phenomenon of interest (i.e., test results such as bug reports, 
screenshots etc. from the crowd) from its context (i.e., the particular app version tested). 

For this dissertation, I conducted instrumental case studies, since the companies were selected 
to gain deeper knowledge about crowdtesting and its value determinants in organizations (Yin 
2013). For qualitative studies the sample size depends on the judgment of the researcher (Pare 
2004; Yin 2013). I decided to conduct multiple case studies in order to collect sufficient data, 
and to increase the generalizability of the results on an analytical level, since the cases offer 
the possibility to cover different conditions for software testing in companies. The selected 
cases, however, represent common cases that illustrate and represent the circumstances and 
conditions of everyday business situations. To ensure comparability the cases were selected 
based on the following criteria: (1) the crowdsourcing companies have comparable experience 
with crowdsourcing, especially in software testing. (2) The test object on which crowdtesting 
has been applied is a mobile application for customers. These types of applications represent 
a very common case since almost every company has a consumer application or similar. (3) 
The application to be tested has been tested in-house until now and testing is not outsourced. 
(4) The application is tested in-house to ensure comparability of results for both crowd- and 
in-house production. 

Finally, in order to elaborate on the relative effectiveness of crowdsourcing, and its cost and 
benefits, it is crucial to associate CST with traditional in-house testing. Since the unit of anal-
ysis is a single testing project it was necessary that the project was replicated and conducted 
by the in-house testing unit. Thus, the crowdsourcees received a build version, which was 
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also tested in-house. This redundant approach allows the comparing of test results, and ulti-
mately the gain of important insights regarding the effectiveness and relative advantage of 
crowdsourced software testing (cf. Figure 5). 

 
Figure 5: Test Setting in Case Studies 

3.4 Action Research 

Action research is future-oriented and does not strive for statistically generalizable explana-
tions or the prediction of coherences, but the joint understanding and learning by researchers 
and subjects, as well as the changing of actual conditions based on a real problem (Baskerville 
and Myers 2004; Susman and Evered 1978). The essential purpose of action research is, there-
fore, to address concerns to individuals or organizations with the broader purpose being to 
contribute to the solution of this concern (Reason 2006). Action research combines the theo-
retical knowledge of the researchers with the subject’s practical and situated insights, and has 
been established as viable method in information systems research. For instance, it was ap-
plied by scholars to create design principles (Kohler et al. 2011; Lindgren et al. 2004; Yang 
et al. 2012), or to get deeply involved with the subject’s problem and environment in order to 
understand, support and describe the process from problem identification to problem resolu-
tion (Aanestad et al. 2014; Puhakainen and Siponen 2010; Smith et al. 2010; Young et al. 
2016). Alternatively, it was applied as a first step towards theory building (Meissonier and 
Houzé 2010). The epistemological foundation for action research may be positivist, interpre-
tivist, or critical in nature (Klein and Myers 1999).  
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In particular, I applied dialogical action research. In dialogical action research, the interaction 
takes place periodically in a setting removed from the practitioner’s organization. In these 
meetings between researchers and practitioners, the researcher attempts to see the practi-
tioner’s world through their lens, and does not attempt to “educate” him in scientific theory. 
The researchers thereby should attempt to speak the practitioner's language when proposing 
additional actions. Further, it is important to note that in this form of action research the 
knowledge of the scientific researchers does not have a higher status than the knowledge of 
the real-world practitioners. Theory and practice are considered as being complimentary 
forms of knowledge (Mårtensson and Lee 2004). However, because the researchers are deeply 
and directly involved in the project, and because they take action, action research is sometimes 
misconceived as consulting. There are, however, fundamental differences between action re-
search and consulting. (1) In action research, the outsider who enters the corporation is a 
person who typically possesses and applies an expertise rooted in the academic world. (2) The 
action researcher(s) and the practitioner(s) work jointly with one another as members of a 
team. (3) The team seriously considers negative feedback (i.e., failed attempts to remedy the 
problem at hand) and seeks to revisit and revise its expertise (i.e., learn) whenever possible 
(Mårtensson and Lee 2004), and (4) the action researcher makes the knowledge gained in the 
process available through publication and for use by others (consultants do not typically pub-
lish and share their best insights). Further the quality of action research rests on the ability of 
the researchers to see the choices that are made, and understand the consequences as well as 
to make the choices transparent, and to communicate them to a wider public (Reason 2006). 
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4 MAIN DISSERTATION RESULTS 

4.1 Definition and Conceptualization of CST 

Crowdsourcing has gained a lot of attention in research and was used in manifold scenarios 
in organizations over the past couple of years, recently finding its application in the domain 
of software engineering (LaToza and van der Hoek 2016) and software testing (Leicht et al. 
2017). The rising popularity of crowdsourcing was mainly problem-driven since many IT 
departments face an increasingly dynamic environment, shorter product lifecycles, and cost 
pressure and were thus looking for alternative problem solutions. 

Crowdsourcing is characterized by four distinctive principles of crowdsourcing, that is: (1) 
the broadcasting of tasks via an open call, (2) the self-selection of contributors, (3) the speci-
fication of tasks, and (4) the IT platform for coordination and collaboration. To derive a sound 
definition, we combined these principles with the idea of the open source code-review system 
from the open source community, following the mantra: “Given enough eyeballs, all bugs are 
shallow” (Raymond 1999) in order to derive the following definition: 

“Crowdsourced software testing (CST) is the outsourcing of software testing activities to a 
group of individuals who self-select to undertake testing tasks on their own devices and under 
real conditions based on a flexible open call.” 

CST was applied for various testing types (i.e., usability testing, validation testing, and vul-
nerability testing), and in various research contexts (including education, corporate context, 
and experimental settings). While research on CST made great strides over the last years, and 
has shown that CST can be a feasible and reliable tool in software testing, there is no concep-
tualization and overview of research. It is mostly unstructured and often lacks a proper “ter-
minology” and classification into existing software testing practices, thus there is no system-
atization of CST research. The first main result of this dissertation addresses this lack of con-
ceptualization and systemization by conducting a literature review in order to create an over-
view, in which areas and the types of software testing results are at hand. In a second step, 
these results are synthesized to ultimately provide an overview over the state-of-the-art in 
CST research. 

I have classified the identified relevant literature according to the classification of software 
testing developed in Chapter 2.1, Software Testing. While there is often the perception that 
CST is exclusively applicable in end-user testing scenarios, the literature review revealed that 
this is not entirely true. There are many examples of other papers demonstrating that CST is 
applicable even for complex testing tasks, such as the functional testing of cross-browser is-
sues (Ko and Chilana 2010), or even delicate testing such as vulnerability testing (Su and Pan 
2016). However, some limitations are worth mentioning. While these studies show that it is 



 

18 

 

possible to conduct such tests, there is little knowledge regarding the performance compared 
to traditional methods, as well as feasibility. Most of the studies in the research area of CST 
are experiments and studies without a real-life context.  

Table 1: Research Foci in CST 

Research 
Focus Description 

Application 
+ Application in different scenarios provides in-depth knowledge 
- Limited generalization and conceptualization of the topic 

Performance 
Factors 

+ Identification of important performance factors (e.g., crowd composition (Leicht 
et al. 2016d), process guidance (Tung and Tseng 2013)) 
- No comprehensive overview or conceptualization 

Prototypes 
+ Optimization/improvement of process steps and workflows 
- Underlying design principles are not unveiled 

Evaluation 
+ Increase comparability to other test approaches 
- Lack of robustness of results (only few studies) 

4.2 Advantageous Scenarios for CST 

The first research question, and the first main result of the dissertation, provide initial insights 
suggesting that CST can be used for manifold types of testing, and that it provides good re-
sults. Furthermore, there are valuable findings regarding the base condition of the test. It was 
found that time constraints actually improve test performance (Mäntylä and Itkonen 2013), 
and that explorative testing is more effective in terms of bug detection than traditional test 
case-based testing (Afzal et al. 2015). So far, we know relatively little about the performance 
of CST and possibly advantageous scenarios to lever CST. To answer the second proposed 
research question, this dissertation delivers groundwork, as it is the first work of evaluating 
the performance of CST with other testing techniques, such as manual in-house testing. 

To identify favourable scenarios, we need to consider not only the effectiveness but also its 
associated costs. Therefore the effectiveness of these problem solutions has to be related to 
the potential fees for the crowdtesting intermediary (or remuneration for crowdsourcees), as 
well as potential “extra costs” that may occur for managing and integrating the crowdtesting 
process. We thus combine research on the mechanisms of how crowdsourcing creates value 
(Afuah and Tucci 2012), with the concept of transaction cost economics (TCE) in order to 
construct a palpable conceptualization of the relative advantage of crowdsourcing. While 
there is extant research on the effectiveness and costs of crowdsourcing (Stol and Fitzgerald 
2014; Zaidan and Callison-Burch 2011), we believe that TCE provides a complementary lens 
for our purpose as transaction costs such as costs for monitoring, coordinating, and controlling 
occur as a component of crowdsourcing value creation processes (Williamson 1979). 
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To employ the conceptual model, two in-depth case studies were conducted. Both case or-
ganizations tested the application via crowdtesting and their traditional in-house testing ap-
proaches. Thus, it is possible to relate the effectiveness of CST and the associated costs to the 
effectiveness and costs of in-house testing. This examination ultimately leads to instances in 
which crowdsourced software testing is advantageous compared to in-house testing. The case 
studies and cross-case analysis unfold the main drivers and conditions for a relative advantage 
of crowdsourced software testing compared to in-house testing, and proved to be applicable 
in both software development paradigms. Given the circumstances where the costs for CST 
are approximately equal to in-house production, as is the case in our two case studies, CST 
can be advantageous under many conditions (cf. Table 2). 

Table 2: Advantageous Scenarios for CST 

Instances in which crowdtesting is ad-
vantageous 

Instances in which in-house testing is 
advantageous 

Test object is for a broad/public user group 
and for multiple platforms/devices 

Test object is very specific and/or rather small 
test scope 

Specific target group of testers  
(e.g., specific demographics) 

Testers require functional expert knowledge  

Usability feedback welcome Specific tests, i.e., security or vulnerability test-
ing or special hardware required 

Time pressure  Low maturity of application 

Lack of internal test resources  High security standards of application  
(authentication) 

Standardized testing  
(i.e., regression testing) 

 

Firstly, the test object influences the relative advantage of crowdsourcing. Our case studies 
tested public mobile applications for customers, thus these applications are subsequently not 
complex in their nature because they are built and designed for a public audience. Due to this 
fact, test managers are confronted with the almost impossible assignment of ensuring the 
compatibility on all publicly available device/OS configurations, whereas crowdsourcing can 
easily cope with that issue and produce relief in this matter. In addition, through CST, com-
panies can address specific target groups (e.g. customers and people from many different 
countries), which further increases the relative advantage. The cross-case analysis further re-
vealed time-related benefits. CST can be set up very quickly and becomes more effective if 
the testing unit has to deal with time or resource constraints. Therefore, CST can be used to 
reduce internal load peaks through mobilizing workforce on weekends and evenings. Further-
more, test managers usually have real-time access to submitted bugs and can thus synchronize 
the process of testing and bug verification and validation. Accordingly, the relative advantage 
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of crowdsourced software testing increases under both time and resource constraints. Moreo-
ver, companies applying crowdtesting can benefit from valuable usability feedback, which 
might not be regarded as severe or might not be recognized due to organizational blindness. 
However, crowdsourced software might not always be advantageous. This is especially true 
when the testers require a lot of functional, (not testing) expert knowledge (i.e., knowledge in 
enterprise software) to test the application, or to conduct very specific testing tasks such as 
security testing. Crowdsourcing costs, especially extra costs, can become a relative disad-
vantage in small testing departments where internal communication between test manager 
and testers is easy and very fast. 

4.3 CST Approaches 

Researching both companies that adopted CST, and intermediary companies that offered CST 
as a service to organizations for several years, my colleagues and I identified three valuable 
CST approaches, and organizations choose to leverage the advantages of CST laid out in the 
previous chapter. These approaches are: 

(1) External Crowdtesting: companies use an intermediary’s on-demand services to have an 
anonymous, external crowd perform testing (for example testing a public customer appli-
cation).  

(2) Crowdtesting with employees: companies have a crowd of their own employees perform 
testing (for example testing an internal application). 

(3) Crowdtesting with employees: companies use a branded (proprietary) platform for testing 
by a crowd of their customers (for example testing and co-developing new features of an 
application). 

In addition, Table 3 provides the main findings for each approach. Naturally, these approaches 
are not completely distinct from each other. Hence, it might be advantageous for organizations 
to combine CST with internal employees as well as customers. 
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Table 3: CST Approaches 

Approach Main findings 

External crowdtesting 

Is especially suited for functional testing 

Can be set up quickly and is useful under high time pressure 

Helps overcome testing departments’ capacity limits 

CST with employees 

Promotes high motivation and interest among employees 

Fosters acceptance of new applications as part of IT change manage-
ment 

Enables easy identification of training needs 

CST with customers 

Obtains feedback from real customers without exposing the software to 
the general public 

Offers a new channel for interaction with customers 

Is especially suited for usability testing or user experience feedback 
combined with functional testing 

4.4 Adaptation Approaches for CST 

Building on the approaches identified in the previous Chapter 4.3, this dissertation provides 
further insights on how organizations use these approaches to adapt crowdsourcing. However, 
there are various factors shaping and determining the use and formalization of CST. Building 
expertise, and gaining deep insights through many projects with eight organizations, I was 
able to identify and evaluate different procedural, technical, and organizational factors influ-
encing the adaptation and use of CST in an organization.  

• Software development paradigm: surprisingly, CST is not only applicable in an agile de-
velopment paradigm. According to our extensive experiences with CST, the software de-
velopment paradigm is not an important contextual factor, considering the applicability 
and effectiveness of CST in both paradigms. 

• Data security and privacy: data security and privacy regulations are the main drivers for 
applicability and effectiveness of CST. The CST approach is heavily determined by the 
criticality and sensitivity of the data required for testing. However,  our project has proven 
that it is both possible and feasible to effectively apply CST even in scenarios when data 
security policies are very strict. 

• Testing purpose and goals: our research shows that CST can deliver multi-dimensional 
value – reaching from finding bugs, to interacting with customers. Depending on the pur-
pose and goals associated with CST, completely different approaches may be required.  

• Target crowd: oftentimes “who” actually tests the software is of interest (e.g., to gain 
feedback from real customers instead of random people not familiar with the matter at 
hand). Depending on the testing purpose/testing goals, it might be relevant for different 
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stakeholders to involve certain populations (e.g. employees from a certain department, 
customers with certain characteristics). 

• Stakeholder management and expectations: stakeholder management and expectations 
are an underestimated organizational factor in the adaption of CST. It is of great im-
portance to involve relevant stakeholders (e.g., marketing department when testing with 
customers, or representatives of unions when involving internal resources) and align op-
erational goals with the more strategic goals of the company (e.g. involving customers in 
product development or involving employees in IT change processes). 

Subsequently, as another major contribution of this dissertation, I present three archetypical 
approaches to implement crowdsourcing in software testing (cf. Table 4). 

(1) CST as an external source of resources and knowledge:  this approach is characterized by 
a high degree of intermediation to reduce involvement and effort for the test manager. 
The testing is often performed, therefore, on an external platform with a large, and un-
specified, crowd. This approach is mainly about acquiring resources and/or knowledge 
for software testing, without investing too much time and effort. 

(2) CST as a new mode of allocating and integrating internal resources: the main goal of this 
approach is usually not just software testing but also active involvement of employees 
(e.g. for change management) and mobilization of the internal workforce; thus, the crowd 
is much more specified. Because CST takes place within the boundaries of the organiza-
tion, there are various stakeholders involved and inputs needed (e.g. permission from hu-
man resources and top management support). 

(3) CST as a new form of customer interaction and integration:  the objective in this approach 
is also twofold. Besides testing, active involvement of customers is a key target. 
Crowdsourcing can be used to create a new customer interaction channel and to engage 
in co-creation activities (Kohler et al. 2011) towards more customer-centric software so-
lutions. A major stakeholder, besides the testing department, are all customer-facing de-
partments such as marketing, sales, etc. that have to be involved. 
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Table 4: Adaptation Approaches for CST 

Adaptation  
Approach 

Organizational 
Factor Characteristic Dominant Mode of CST 

Crowdsourcing 
to acquire exter-
nal knowledge / 
resources 

CST Objective (Functional) 
Testing only - High degree of intermediation 

- Minimal involvement for test 
manager 

- External platform 
- Anonymous, external crowd 
 

IT Security regu-
lations Low 

Target crowd Large and rela-
tively unspecified 

Involved Stake-
holders None 

Crowdsourcing 
as internal work 
organization  

CST objective 

Testing, Change 
Management, 
Mobilization of in-
ternal workforce 

- Low degree of intermediation 
- High involvement for test man-

ager 
- Medium involvement for stake-

holders in the organization 
- Internal platform (depending on 

IT security) 
- Internal crowd 

IT Security regu-
lations Medium to high 

Target crowd Employees 

Involved Stake-
holders 

Labour unions, 
top management 
(support) 

Crowdsourcing 
as customer in-
teraction channel 

CST objective Testing, Cus-
tomer Interaction - Low to medium degree of inter-

mediation 
- Internal or external platform (de-

pending on IT security) 
- External and internal crowd (em-

ployees might be customers for 
internal applications) 

IT Security regu-
lations Low to medium 

Target crowd Customer 

Involved Stake-
holders 

Marketing, Mar-
ket Research, 
etc. 

4.5 CST Activity Model 

So far, this dissertation has focused on the performance and economic feasibility of CST and 
identified economically favourable instances as well as approaches to profit from CST. There 
is, however, still one gap to close. We know relatively little about how crowdsourced software 
testing is executed. Literature so far only provides one in-depth study of an intermediary 
(Zogaj et al. 2014). While this study provides valuable insights, it is only focused on the 
isolated execution of CST from an intermediary’s point of view. In a corporate context, how-
ever, CST requires a different process model, governance structure, and control mechanisms 
in software testing. Moreover, the role of the test manager, and its associated tasks and re-
sponsibilities, is changing. The model has to take the different CST approaches into account 
in order to provide a comprehensible frame for all forms of CST. Using the basic principles 
of modularization and group activities can provide the necessary flexibility. The basic idea of 
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modularization originates from the software engineering, and rests on the proposition that 
decomposing systems into modules improves the overall manageability of the system because 
not all (sub-) functions (of a module) need to be visible, but can be hidden if the overall 
module function is clearly specified (Parnas 1972). Accordingly, based on the experience of 
more than 25 tests with the crowd and many interviews with both test managers from organ-
izations, as well as managers from CST intermediaries, I created recurring sets of activities 
that resemble a bundle of activities. These activity bundles allow for different configurations 
and embodiments of the model for one of the identified strategies. Figure 6 depicts all devel-
oped activity bundles. Accordingly, I created short descriptions for every activity. Table 5 
provides an overview and a description of every activity bundle, as well as a description of 
the activity. 

 
Figure 6: CST Activity Model 

  



 

25 

 

Table 5: Detailed Activity Descriptions 

Bundle Activity Description 
Te

st
 In

iti
at

io
n 

Assess Potential Identification and assessment of potential for the application 
of CST for the specific project, i.e., software object. 

Regulatory Check 

Ensuring that the project does not violate any laws or federal 
regulations. This mainly focuses on data and IT security but 
may also affect other departments (e.g. human re-sources 
for testing with employees). 

Compliance Check 

Ensuring that the project does not violate any internal com-
pliance or data/IT security guidelines (may also affect other 
departments (e.g. human resources for testing with employ-
ees). 

Te
st

 D
ef

in
iti

on
 Define Objective 

Definition of test objective. Crowdsourced software testing 
can be leveraged to accomplish several testing goals, such 
as functionality, usability, non-functional aspects, reliability 
etc. 

Define Test Scope 
Definition of the type (functional, usability etc.) and extent of 
the test, the definition of crowdsourcees, as well as the inte-
gration into the overarching test concept. 

Define Output Definition of desired output (e.g., functional bugs, opinions, 
qualitative feedback) and its documentation format. 

In
te

rm
ed

ia
tio

n 

Intermediary Assess-
ment 

Assessment and selection of an intermediary for the execu-
tion of the crowdtest depending on other defined parameters 
such as objective, crowd, and involvement. 

Involvement of Test 
Manager 

Depending on the objectives, the test manager can choose 
between various degrees of involvement, ranging from very 
low with external CST to very high (internal CST with own 
platform). 

Manage Intermediary 

Settlement of the responsibilities for the test execution and 
examination of results. Necessary information for the test 
and an exact schedule for the tests also have to be provided 
and set. 

IT
  

M
an

ag
em

en
t 

Provide Infrastructure 
Provision of a testing platform for the crowd as well as a 
working test-infrastructure for the application. 

Manage Infrastructure 
Ensuring that both test platform, as well as infrastructure, 
are working and available during the scheduled test frames. 
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Table 5: Detailed Activity Descriptions 2/2 

Bundle Activity Description 
St

ak
eh

ol
de

r 
M

an
ag

em
en

t Identify & Involve 
Relevant  
Stakeholders 

Involvement of internal stakeholders may be necessary when 
working with employees (i.e. human resources) as a crowd or 
targeting customers (i.e. marketing department). 

Manage Stakehold-
ers 

The test manager hast to manage the expectations of the 
stakeholder. Further, the test has to be prepared and coordi-
nated with the stakeholders in order to respect guidelines and 
specifications from relevant stakeholders.  

C
ro

w
d 

 
M

an
ag

em
en

t 

Manage Crowd 
Managing the crowd involves (depending on the involvement) 
invitation, remuneration, appreciation, and communication 
with the crowd 

Provide Feedback 
Providing timely feedback on submissions (e.g. bug reports or 
suggestions) or asking clarifying questions. 

Te
st

 P
re

pa
ra

-
tio

n 

Manage Application 

Depending on the objective, the software to be tested has to 
fulfil certain quality criteria. The test manager has to ensure 
the maturity and accessibility of the software before the 
crowdtest. 

Manage Test Cases 
Examination of existing test cases and/or the creation of de-
tailed test or use cases and test instructions. In addition final 
selection of cases out of the test case pool. 

Te
st

  
Ex

ec
ut

io
n Test Monitoring & 

Support 

Depending on the involvement of the test manager, the test 
manager has to be available on demand and provide support 
if necessary, or is the single point of contact for the crowd. 

Defect Management Verification, categorization, and prioritization of submitted 
bugs/ examination of qualitative feedback from the crowd. 

R
es

ul
t  

In
te

gr
at

io
n Handover of Results 

After completion, the test manager delivers the results back 
to the project team. The handover document contains the re-
sults of the test, i.e. verified bug reports and notes for possi-
ble change requests. 

Integration of Results 
Integration of the results into the overall test results. This may 
include a transfer of the accepted bugs into another test man-
agement tool. 

4.6 Guidelines for Starting CST in an Organization 

CST has gained greater importance in research, as well as in practice, over previous years. 
However, there is still very little guidance for practitioners on how to use the advantages of 
CST laid out in the previous chapters, and to get started with CST in their own organizations. 
The last main result of the dissertation is thus targeted for practitioners, and provides guide-
lines on how to get started with CST. Based on the experiences with different companies, 
intermediaries, and crowdtesting approaches, I have developed five guidelines for chief in-
formation officers and other organizational leaders on how to implement crowdtesting. 
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(1) Define Software Quality More Broadly 

CST can provide many benefits. Nowadays software quality is a matter of functionality, but 
also of the user’s experience. CST can thus greatly increase the software quality, but for com-
panies to leverage its full potential multiple stakeholders must work together. For example, 
the testing department can work on functional issues, while the marketing or product man-
agement department can deal with the user experience. 

(2) Define Goals and Choose an Appropriate Approach 

Depending on the software and its maturity, companies can apply crowdtesting to target nu-
merous testing goals. The definition of a clear goal, as well as pursuing one of the three pre-
sented CST approaches is vital for success of the initiative. For instance, for functional testing, 
crowdtesting serves as system integration testing or as final quality assurance testing before 
the release (similarly to beta testing). 

(3) Start a Small Pilot Project 

Initially, companies should conduct a pilot project within a smaller, non-critical project envi-
ronment to ensure that the involved stakeholders can focus on crowdtesting to gain as much 
experience as possible. It is important to promote the topic to the project team, so that the 
people involved are motivated and convinced of crowdtesting’s potential. In addition, the 
selection of the test object should be considered carefully. A smaller test object or test scope 
will prevent the pilot project from losing focus or being caught up in other areas of conflict. 
In order to evaluate the pilot, it is advisable to simultaneously test the application with both 
the current in-house testing approach as well as with the crowd. 

(4) Scale Up Crowdtesting in the Organization 

The first step in scaling up crowdtesting is expanding the pilot application’s test scope. At 
this point, the testing team from the pilot project will have already had experience with CST 
and can experiment without high setup costs. Developing a CST process for regular opera-
tions for a class of applications (for example mobile apps) will provide guidance and infor-
mation for others interested in CST. Furthermore, transferring the knowledge to other similar 
applications (for example expansion from a public mobile app to all public front-end applica-
tions) will further leverage the profit from the pilot project without large adjustments. 

(5) Establish and Promote an Internal Service 

After a company has had experiences with crowdtesting, expanding the scope of CST to the 
entire company, by establishing an internal crowdtesting service to exploit potential, is the 
last step. This internal service should offer “crowdtesting as a service” to other project teams 
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(for example other testing projects) or departments (for example marketing, product manage-
ment, or user experience design). By bundling knowledge and competencies, project and test 
managers do not have to build up expertise from scratch because the service centre can either 
act as a consultant or operate in an executive role by managing the crowdtesting. 
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5 OVERVIEW OF PUBLICATIONS 

5.1 General Overview 

The thesis consists of six publications that each contribute to one research question outlined 
in the introduction (see Table 6 for details). However, it is worth adding that these studies 
have been accompanied by several other publications, outlined at the end of the dissertation. 
Subsequently I will briefly summarize each of the six papers, and outline the research question 
to which they contribute. 

Table 6: Overview over Research Publications 

No. VHB 
Rank Publication RQ Chapter 

1 n/a 

Leicht, N., Durward, D., Haas, P., Zogaj, S., Blohm, 
I., and Leimeister, J. M. (2016), “An empirical taxon-
omy of crowdsourcing intermediaries", Academy of 
Management Annual Meeting Proceedings, Anaheim, 
CA, USA. 

RQ1 

6 

2 C 

Leicht, N (2018), "Given Enough Eyeballs, all Bugs 
are Shallow - A Literature Review for the Use of 
Crowdsourcing in Software Testing", Hawaii Interna-
tional Conference on System Sciences (HICSS 
2018), Waikoloa, HI, USA. 

7 

3 B 

Leicht, N., Knop, N., Blohm, I., Müller-Bloch, C. and 
Leimeister, J. M. (2016), "When is Crowdsourcing ad-
vantageous? The Case of Crowdsourced Software 
Testing", European Conference on Information Sys-
tems (ECIS 2016), Istanbul, Turkey. RQ2 

8 

4 C 
Leicht, N., Blohm, I. and Leimeister, J. M. (2017), 
"Leveraging the Power of the Crowd for Software 
Testing", IEEE Software, Vol. 34 No. 2, pp. 62 - 69. 

9 

5 A 

Leicht, N., Blohm, I. and Leimeister, J. M. (2016), 
"How to Systematically Conduct Crowdsourced Soft-
ware Testing? Insights from an Action Research Pro-
ject", International Conference on Information Sys-
tems (ICIS 2016), Dublin, Ireland. 

RQ3 

10 

6 A+ 

Leicht, N., Blohm, I., Schlagwein, D. and Leimeister, 
J. M. (2018), "Facilitating Interorganizational Learning 
with a Consortium Approach: Insights from an Action 
Research Study on Crowdsourced Software Testing", 
currently under review at: MIS Quarterly 

11 
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5.2 Publication I 

Reference:  

Leicht, N., Durward, D., Haas, P., Zogaj, S., Blohm, I., and Leimeister, J. M. (2016), “An 
empirical taxonomy of crowdsourcing intermediaries", in:  Academy of Management Annual 
Meeting Proceedings, Anaheim, CA, USA. 

The first publication (Chapter 6) presents an empirical taxonomy of crowdsourcing interme-
diaries embedded in the theory of two-sided markets. By collecting data from 100 intermedi-
aries, and performing a cluster analysis, the paper identifies five archetypes of crowdsourcing 
intermediaries: microtasking, knowledge work, design competition, testing and validation, 
and innovation. The taxonomy establishes a systematic and comprehensive overview of 
crowdsourcing intermediaries and thereby provides a better understanding of the basic types 
of crowdsourcing and its core functions. Secondly, the taxonomy provides empirical evidence 
and insights for crowdsourced software testing, since it identified CST as a particular cluster 
(testing & validation). 

In light of the above, this publication addresses the first research question (RQ1) because it 
empirically describes and validates the peculiarities of crowdsourcing in software testing. The 
crowdsourcing cluster for test and validation distinguishes itself from other types of 
crowdsourcing in two core aspects. Firstly, crowds are usually engaged via an episodic or 
collaborative IT structure. With episodic IT structure the individual members of a crowd do 
not interact with each other directly through the IT (Prpic and Shukla 2016). An example of 
this type is Google’s reCAPTCHA (Von Ahn et al. 2008), where Google accumulates signif-
icant resources from millions of people, without the need for the people to interact directly 
through the IT. The opposite is a collaborative IT structure that requires the individual crowd 
members to interact with one another through the IT. An example of this type is Wikipedia 
(or similar open wikis). Crowdsoured software testing, however, incorporates parts of both. 
While testers usually participate in a “competition”-like bug hunt, the result of a crowdtest – 
a list of bugs – is a collaborative effort of the entire crowd, which sometimes requires ex-
changes between crowd members. Secondly, the required skill to participate varies greatly. 
Software Testing is a complex task and, depending on test type (see Chapter 2.2 Software 
Testing), the required skill or demographic and sociographic requirements are completely 
different. 
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5.3 Publication II 

Reference: 

Leicht, N. (2018), "Given Enough Eyeballs, all Bugs are Shallow – A Literature Review for 
the Use of Crowdsourcing in Software Testing", in: Hawaii International Conference on Sys-
tem Sciences (HICSS 2018), Waikoloa, HI, USA. 

The second publication (Chapter 7) presents a literature review synthesizing the current state-
of-the-art in crowdsourced software testing. By doing so, the contribution of this paper is 
twofold. First, I portray the research landscape and provide a comprehensive overview and 
systematization. I thereby synthesize the fields of crowdsourcing research and traditional soft-
ware testing to provide a comprehensive overview of the application of CST. Secondly, the 
paper provides in-depth knowledge to the growing body of literature for crowdsourcing in 
software testing. For practitioners, the paper illustrates when and where CST has successfully 
been applied, and where it gives an indication of when CST might be a feasible mechanism 
compared to other testing techniques, such as traditional manual testing or test automation. 

Accordingly, the paper addresses the crux of the first research question as it structures insights 
into the application and use of this new form of software testing, as well as a systematic 
presentation to demonstrate that crowdtesting is a valid and reliable new tool for software 
testing. The paper outlines that, while there often is the perception that CST is only applicable 
in end-user testing scenarios, this is not entirely true. There are many examples of other papers 
demonstrating that CST is, in fact, applicable even for complex testing tasks, such as the 
functional testing of cross-browser issues (Ko and Chilana 2010) or even delicate testing, 
such as vulnerability testing (Su and Pan 2016). It further summarizes findings regarding the 
basic conditions and pitfalls of CST. 
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5.4 Publication III 

Reference: 

Leicht, N., Knop, N., Blohm, I., Müller-Bloch, C., and Leimeister, J. M. (2016), "When Is 
Crowdsourcing Advantageous? The Case of Crowdsourced Software Testing," in: European 
Conference on Information Systems (ECIS 2016), Istanbul, Turkey. 

The third publication (Chapter 8) presents two case studies that investigate the performance 
of CST compared to traditional, manual, in-house testing approaches and identify favourable 
scenarios for the use of CST. To conceptualize the relative advantage of crowdsourced soft-
ware testing, and to identify favourable instances in which CST might be a superior testing 
approach, we need to consider not only the effectiveness but also its associated costs. There-
fore the effectiveness of these problem solutions have to be related to the potential fees for 
the crowdtesting intermediary as well as any “extra costs” that may occur for managing and 
integrating the crowdtesting process.  

In doing so, this paper combines research on the mechanisms of how crowdsourcing creates 
value (Afuah and Tucci 2012), with the concept of transaction cost economics (TCE), in order 
to construct a palpable conceptualization of the relative advantage of crowdsourcing. While 
there is extant research on the effectiveness and costs of crowdsourcing (Schenk and Guittard 
2009; Stol and Fitzgerald 2014; Zaidan and Callison-Burch 2011), TCE provides a comple-
mentary lens for the paper’s purpose as transaction costs, such as costs for monitoring, coor-
dinating, and controlling, occur as a component of crowdsourcing value creation processes 
(Williamson 1979). In addition, building on TCE augments the theoretical foundations of the 
conceptual model, thus enhancing the validity of the results. The case studies and cross-case 
analysis unfold the main drivers and conditions for the relative advantage of crowdsourced 
software testing compared to in-house testing and proved to be applicable in both software 
development paradigms. 

Subsequently, this paper addresses research question two because it provides empirical evi-
dence for the high performance off CST in two different cases. Moreover, the paper identifies 
favourable scenarios where CST might be a superior testing approach compared to traditional 
manual in-house testing and thus, outlines the relative advantage of CST.  
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5.5 Publication IV 

Reference: 

Leicht, N., Blohm, I. and Leimeister, J. M. (2017), "Leveraging the Power of the Crowd for 
Software Testing", in: IEEE Software, Vol. 34 No. 2, pp. 62 - 69. 

The fourth publication (Chapter 9) is a practitioner’s digest for the use of CST in organiza-
tions. Based on the third paper, this article presents extensive studies of the Competence Cen-
ter Crowdsourcing, and its consortium, thus deriving new empirical insights regarding the 
adoption of CST, and guidelines to start CST in organizations. Presenting three illustrative 
cases, the paper illustrates the different possibilities in using CST as an organization. Com-
panies therefore either use the services of an intermediary to employ an anonymous, external 
crowd perform the testing (for example, for testing a public customer application), engage a 
crowd of their own employees perform testing (for example, for testing an internal applica-
tion), or use a branded (proprietary) platform for testing by a crowd of their own customers 
(for example, for testing new features of an application). Subsequently, based on the experi-
ences with different companies, intermediaries, and crowdtesting approaches, this paper pro-
vides guidelines for chief information officers and other organizational leaders on how to 
implement crowdtesting. 

In this vein, the paper contributes to research question two by elucidating favourable scenarios 
depending on the main purpose of CST. The paper illustrates the aforementioned approaches 
and outlines the main findings per CST approach. Doing so, the paper helps organizations to 
determine which approach best suits their interest to leverage the performance of CST and 
further outlines the relative advantage of CST. By providing a five-step approach to starting 
CST in an organization, the paper provides practitioners with concrete guidance in order to 
realize the relative advantage of CST compared to traditional in-house testing approaches. 
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5.6 Publication V 

Reference: 

Leicht, N., Blohm, I. and Leimeister, J. M. (2016), "How to Systematically Conduct 
Crowdsourced Software Testing? Insights from an Action Research Project", in: Interna-
tional Conference on Information Systems (ICIS 2016), Dublin, Ireland. 

While publications three and four examine the economic feasibility and performance of CST, 
the fifth publication (Chapter 10) focuses more on the “how”, and thus investigates 
crowdsourcing in software testing from an organization’s point of view with to goal to un-
cover the necessary activities and process changes to make use of the advantages of CST 
outlined in the previous publications. In doing so, the research-in-progress reports an ongoing 
action research project with a consortium of six companies at the time that desire to employ 
crowdsourced software testing in their test department. As a result, the paper develops a pre-
liminary model for mediated crowdsourcing as an initial step towards an activity model ap-
plicable for all kinds of CST. Mediated crowdsourcing is a popular form of crowdsourcing 
and is well suited for a first step because it reflects a common scenario in CST, whereby an 
intermediary provides the testing services. Since companies are accustomed to having soft-
ware testing performed externally, the shift to using mediated crowdsourcing becomes less 
complex, but at the same time unveils key insights on the differences between traditional 
sourcing and crowdsourcing. 

In light of the above, this paper contributes to research question three because it provides a 
detailed overview of the research approach and presents the preliminary activity model with 
precise action taking for test managers. Furthermore, the paper serves as a foundation for 
publication VI, which is building on the research approach and results provided in this publi-
cation. 

The paper was awarded second runner up in the category “most innovative research-in-pro-
gress paper” at the International Conference on Information Systems in 2016 in Dublin, Ire-
land. 
  



 

35 

 

5.7 Publication VI 

Reference: 

Leicht, N., Blohm, I., Schlagwein, D. and Leimeister, J. M. (2018), "Facilitating Interorgani-
zational Learning with a Consortium Approach: Insights from an Action Research Study on 
Crowdsourced Software Testing", currently under review at: MIS Quarterly 

Based on Publication V, this paper extends the developed model and presents the results of 
the action research project after more than three years. Besides the development of the CST 
activity model, the paper focuses on the novel consortium approach introduced in the re-
search-in-progress. Although the literature on organizational learning has been extended to 
inter-organizational learning, this literature stream mainly describes learning between organ-
izations as “strategic alliances”. However, the consortium approach is a learning mode chosen 
by an increasing number of organizations, especially to learn collectively about new IT-ena-
bled organizational practices such as CST. My colleagues and I therefore embarked on an 
action research study on inter-organizational learning with a consortia approach in the context 
of crowdsourced software testing (CST). Eight organizations participated in our research pro-
ject, which took more than three years and three action research cycles involving numerous 
data collection strategies and interventions, such as workshops. Based on the study, I am able 
to make three contributions to the literature: a) my colleagues and I develop a (universal) 
theoretical model on inter-organizational learning with a consortium approach that identifies 
a phased mode of collective learning. Further, b) I develop a CST-specific framework that 
considers that what has been learnt about CST in an activity framework (specific to the CST 
context). Finally, c) I reflect on how the research approach, action research with multiple 
partners in a joint industry-academia consortium, can generate new knowledge that is valuable 
beyond the participating organizations. 

In light of the above, this paper contributes to research question three because it continues, 
and completes, the presented research from Publication V and presents the completed activity 
model as one major contribution from this dissertation. The activity model was developed and 
refined through manifold application in eight different organizations, and different CST set-
tings, in order to be robust and applicable for all kinds of CST. 
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6 AN EMPIRICAL TAXONOMY OF CROWDSOURCING IN-
TERMEDIARIES 

Reference: 

Leicht, N., Durward, D., Haas, P., Zogaj, S., Blohm, I., and Leimeister, J. M. (2016), “An 
Empirical Taxonomy of Crowdsourcing Intermediaries", in:  Academy of Management 
Annual Meeting Proceedings, Anaheim, CA, USA. 

Abstract 

Crowdsourcing has drawn much attention from researchers in the past. Thus, attempts to con-
ceptualize and classify the phenomenon already exist. All of the existing work has its merits; 
however, they lack an overviewing perspective or meta-characteristic. They are conceptual in 
nature, lack theoretical grounding, and – most importantly – are not empirically validated. 
Hence, we developed an empirical taxonomy of crowdsourcing intermediaries embedded in 
the theory of two-sided markets. Collecting data from 100 intermediaries and performing a 
cluster analysis, we identified five archetypes of crowdsourcing intermediaries: microtasking, 
knowledge work, design competition, testing and validation, as well as innovation. The tax-
onomy establishes a systematic and comprehensive overview of crowdsourcing intermediar-
ies and thereby provides a better understanding of the basic types of crowdsourcing and its 
core functions. For practice, we provide decision support for crowdsourcers as well as 
crowdsourcees regarding which platform to be active on. 

Keywords: Crowdsourcing, Empirical Taxonomy, Two-Sided Markets, Cluster Analysis 



 

37 

 

6.1 Introduction 

Crowdsourcing has gained much attention in research and practice over the last years. Nu-
merous companies have drawn on this concept for performing different tasks and value crea-
tion activities. First coined by Jeff Howe in 2006, the term is defined as “the act of taking a 
job traditionally performed by a designated agent (usually an employee) and outsourcing it to 
an undefined, generally large group of people in the form of an open call” (Howe 2006b). The 
fundamental idea of crowdsourcing is that a crowdsourcer (i.e., a company, an institution, a 
non-profit organization) outsources a task to an undefined group of crowdsourcees (i.e., indi-
viduals, formal or informal teams, other organizations) who can voluntarily undertake the 
outsourced task (Blohm et al. 2013). This interaction process unfolds over IT-based 
crowdsourcing platforms. Such platforms are either run by a crowdsourcer or provided by a 
third party acting as a crowdsourcing intermediary (also referred to as "crowdsourcing 
marketplace"; see e.g., Guo et al. 2013). Prominent examples of intermediaries in a 
crowdsourcing model include InnoCentive, Upwork, or Amazon’s Mechanical Turk, allow-
ing companies to offer tasks on their platforms to a mass of users on the Web that can be 
solved for a specific fee (Jeppesen and Lakhani 2010; Leimeister 2010). Apart from these 
renowned examples, numerous other intermediaries have emerged due to the high level of 
demand for crowdsourcing services by companies: The industry website Crowdsourcing.org, 
which is a neutral organization dedicated solely to crowdsourcing and crowdfunding, counts 
over 2,000 operating crowdsourcing intermediaries. 

In spite of the fact that we have witnessed a growing number of studies analysing different 
facets of crowdsourcing, our understanding of these different types of crowdsourcing inter-
mediaries is still very limited. Researchers have made great strides in deriving theory-based 
taxonomies, typologies, and categorizations of crowdsourcing (Brabham 2012; Rouse 2010; 
Yuen et al. 2011); however, research has neglected the key role of crowdsourcing intermedi-
aries as brokers that manage the crowdsourcing processes and ensure crowdsourcers 
(knowledge seekers) to connect with crowdsourcees (knowledge suppliers) by providing the 
necessary infrastructure for crowdsourcing activities. Thus, from a theoretical point of view, 
they act as an intermediary in a two-sided market. However, how can we distinguish different 
types of crowdsourcing intermediaries and what are the resulting archetypes? Research lacks 
insight with respect to these issues. As a consequence, there are many different conceptuali-
zations hampering our understanding of crowdsourcing. For instance, Vukovic (2009), Zhao 
and Zhu (2014), and Kozinets et al. (2008) analysed the application of crowdsourcing inter-
mediaries for different purposes and suggested different alternatives for categorizing 
crowdsourcing intermediaries. All these classifications include merits; however, they focus 
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primarily on single dimensions as certain characteristics of crowdsourcing but lack an over-
arching perspective. They are conceptual in nature, lack theoretical grounding, and – most 
importantly – are not empirically validated. In order to understand the dynamics of 
crowdsourcing, we need better knowledge regarding the basic types of crowdsourcing inter-
mediaries as well as the way how these types work, what their constituent parts are, as well 
as how they differentiate from one another. This is especially essential in view of the fact that 
crowdsourcing represents a largely diverse concept. 

In view of this and to answer the aforementioned research question, we developed an empir-
ical taxonomy of crowdsourcing intermediaries embedded in the theory of two-sided markets. 
In this vein, we first systematically reviewed the crowdsourcing literature in order to identify 
the exchange relationships between the actors of this two-sided market. A two-sided market 
is characterized by two agents interacting through an intermediary and affecting each other 
through network externalities (Rochet and Tirole 2003; Rysman 2009). For the development 
of the empirical taxonomy of crowdsourcing intermediaries, we then followed Nickerson et 
al. (2013) and Malhotra (2005). Thus, we first defined our key variables based on the insights 
generated from the literature review. Following that, we assessed 100 crowdsourcing inter-
mediaries according to these key variables. Third, we conducted a cluster analysis and iden-
tified five archetypes of exchange relationships in two-sided crowdsourcing markets, which 
could be interpreted as microtasking, knowledge work, design competition, testing and vali-
dation, and innovation. 

Our study contributes to research as well as practice as follows: First, we establish a system-
atic and comprehensive empirical taxonomy of crowdsourcing intermediaries and thereby 
provide a better understanding of the basic types of crowdsourcing intermediation and its 
exchange relationships. This will help researchers to clearly align their theoretical focus and 
contributions when analysing crowdsourcing initiatives. Second, by using the theory of two-
sided markets, we provide a theoretically solid approach that helps us to better understand the 
actors and core functions in crowdsourcing settings and improve the theoretical underpinnings 
of crowdsourcing many researchers are calling for (Pedersen et al. 2013; Penin and Burger-
Helmchen 2011; Zhao and Zhu 2014). As for the practical contribution, we think that our 
study provides a comprehensive and representative market overview of existing crowdsourc-
ing intermediaries. Doing so, we provide valuable decision support for both crowdsourcees 
(i.e., in deciding on which platform to be active on) and crowdsourcers (i.e., deciding on 
where to initiate crowdsourcing projects based on the nature and characteristics of the task 
and its requirements). 

The remainder of this paper is structured as follows: In section two, we first provide the con-
ceptual and theoretical background by presenting related work on crowdsourcing taxonomies. 
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Subsequently, we outline the theory of two-sided markets that illustrates how crowdsourcing 
intermediaries bridge knowledge-seeking and -giving agents, which serves as foundation for 
our empirical taxonomy. In section three, we provide a summary of the methodology used for 
our research. Afterwards, we present the results of our study before providing a discussion on 
the generated insights as well as an outlook for future research. 

6.2 Conceptual and Theoretical Background 

6.2.1 Crowdsourcing Taxonomies 

In IS, there are different understandings of the term taxonomy depending on the literature 
(Geiger et al. 2012). According to Nickerson et al. (2010), a taxonomy is a set of dimensions 
each consisting of a set of mutually exclusive and collectively exhaustive characteristics that 
describe how the objects under consideration differ. These dimensions follow an overall char-
acteristic that arises from the purpose of the taxonomy and then serves as a basis for the se-
lected characteristics (Nickerson et al. 2010). Several classifications of crowdsourcing have 
been proposed in various academic fields in recent years. These approaches differ in scope 
and depth of the considered aspects of crowdsourcing and can be divided into three main 
types of classification. 

First, there are several approaches that characterize crowdsourcing on the basis of the organ-
izational problems that can be solved by its application. For example, Brabham (2012) states 
that crowdsourcing involves an organization-user relationship and can be categorized into 
four different types of solutions depending on the organizational problem. This problem-re-
lated approach focuses on organizational problem solving and organizational task perfor-
mance. The major shortcoming of these crowdsourcing classifications is the narrow view, 
since they only present the perspective of the crowdsourcers and do not include interdepend-
encies with other involved parties. 

The second classification of crowdsourcing describes task-related approaches that focus on 
the task characteristics, the requirements, or skills that are needed for processing. In a new 
task-related approach, Nakatsu et al. (2014) put more emphasis on task characteristics and 
present seven categories based on the task structure, task interdependence, and task commit-
ment. While task structure refers to whether the solutions and crowd contributions are well 
defined or the crowd itself needs to develop innovative ideas and solutions, task interdepend-
ence describes how tightly coupled the activities are. The authors differentiate between work 
separately performed by an individual and tasks that require coordination and collaboration 
within the crowd in order to be accomplished. The third dimension of task commitment de-
scribes the amount of effort and resources needed to perform a task or solve a certain problem. 
In contrast to the problem-related approaches that address the natures of problems on a 
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crowdsourcer level, all dimensions of Nakatsu et al. (2014) aim to categorize crowdsourcing 
on the basis of its certain task-related specifications. Nevertheless, these types of classifica-
tions neglect the strong interrelation of task and intermediary, since the intermediaries have 
significant influence on how tasks are designed, decomposed, and integrated. 

A third type of classification of crowdsourcing refers to an intermediary-related view. These 
approaches focus on the offered services, the established recruitment systems, or the selection 
mechanisms of the crowdsourcing intermediary. In this context, the approach of Doan et al. 
(2011) presents nine dimensions of crowdsourcing with a focus on intermediary-related is-
sues. Besides the nature of collaboration and the type of target problem, the authors classify 
crowdsourcing based on recruitment systems, combination, evaluation of inputs, as well as 
architectural aspects. This approach tackles system design issues and aspects of the imple-
mentation of the crowdsourcing systems. The downside of these approaches is their exclusive 
focus on management activities and processes whereby contents and characteristics of the 
individual crowdsourcing initiatives are neglected. 

In sum, three different types of classifications can be observed that focus primarily on single 
dimensions as certain characteristics of crowdsourcing but lack an overarching perspective 
(cf. Table 7). Since all of them address specific aspects of crowdsourcing regarding their fo-
cus, it is not known which one provides the largest clarification. In addition, so far, no taxon-
omy has been developed in an integrated and empirical manner. Furthermore, to the best of 
our knowledge, there is no overarching taxonomy that covers the high diversity of 
crowdsourcing intermediaries and its core functions. Hence, we aim to address these short-
comings by developing an integrated and empirically validated taxonomy based on objective 
data. 

Table 7: Summary of Existing Taxonomies 

Focus of  
Classification Description Authors 

Problem- 
related 

Focus on organizational problems of the crowd. Cog-
nition, coordination, and cooperation problems have 
to be solved. 

e.g., Surowiecki 
(2005); Brabham 
(2012) 

Task-oriented-
related 

Consideration of task characteristics, requirements 
and skills that are needed to solve the problem. De-
scription of the task, such as the nature of payment, 
complexity of the tasks, required resources, and the 
interdependence between tasks. 

e.g., Corney et al. 
(2009); Nakatsu et al. 
(2014); Rouse (2010); 
Schenk and Guittard 
(2011a)  

Intermediary-
related 

Includes products or services offered by the interme-
diary and the crowdsourcing mode (competition or 
tender). Further, the type of the collaboration, recruit-
ment system, as well the selection of the participants 
is considered. 

e.g., Doan et al. 
(2011); Geiger et al. 
(2012); Vukovic 
(2009); Zhao and Zhu 
(2014) 
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6.2.2 Crowdsourcing Intermediaries as Two-Sided Markets 

The term crowdsourcing intermediary implies that crowdsourcing can be seen as a two-sided 
market. A two-sided market is mainly characterized by two agents interacting through an 
intermediary and affecting each other through network externalities (Rysman 2009). In 
crowdsourcing, these groups are the crowdsourcer, who acts as the principal desiring to give 
a task to the crowd, and the other agent, the crowd itself – called crowdsourcees. The inter-
mediary thereby acts as an electronic matching market, enabling the agents to efficiently ex-
change information about offerings and prices in order to overcome information asymmetries 
and to minimize transaction costs (Bakos 1991; Bakos 1998; Mahadevan 2000; Malone et al. 
1987). Furthermore, the matching platform’s attractiveness for one group of agents increases 
if more agents of the other group sign up, which is referred to as network effect (Caillaud and 
Jullien 2003; Damiano and Li 2008). 

In crowdsourcing, the intermediation between the two agents – meaning the sourcing and 
solving of a certain task or set of tasks – is, on a conceptual level, identical for all types of 
crowdsourcing. The intermediary needs to provide mechanisms to enable exchange relation-
ships between the crowdsourcer and crowdsourcee. The first function is the broadcasting of 
the task to be crowdsourced on the platform. In this vein, the task is visible for potential 
solvers and the platform thereby enables the self-selection process by the crowdsourcees. Fur-
ther, the intermediary needs to provide an effective mechanism for submitting the solution to 
the broadcasted task. Another necessary intermediation function is the assessment of solutions 
and – in case of successful completion – the remuneration by the crowdsourcer. The interme-
diation and exchange relationships are always transacted on the IT infrastructure and platform 
of the intermediary. However, literature (e.g.,Zogaj et al. 2014) shows that these functions are 
more fine grained, distinguishing five main functions two-sided crowdsourcing markets need 
to perform: (1) task specification, (2) task allocation, (3) task processing, (4) aggregation and 
selection of solutions, as well as (5) remuneration (cf. Figure 7).  

 
Figure 7: Core Functions for Crowdsourcing Intermediation 
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(1) Task Specification 

Crowdsourcing projects may consist of one entire task that is broadcasted as a whole or that 
can be split into a magnitude of smaller subtasks (Afuah and Tucci 2012; Penin and Burger-
Helmchen 2011). Different studies have shown that it is advisable to divide complex tasks 
into smaller, granular subtasks such that the required know-how for solving the task is low. 
So far, the modularization of projects into many small and duplicable subtasks has been suc-
cessfully applied for simple tasks (“micro tasks”), such as labeling images, classifying web-
sites, or spellchecking (Hirth et al. 2011a; Hirth et al. 2011b; Ipeirotis and Horton 2011; 
Morris et al. 2012; Quinn and Bederson 2011). By contrast, the modularization of more com-
plex or creative tasks is difficult and requires a magnitude of feedback loops between the 
crowdsourcer and the crowdsourcees (Afuah and Tucci 2012; Kittur et al. 2012; Schulze et 
al. 2012).  

(2) Task Allocation 

Existing studies show that crowdsourcing projects are completed more successfully when 
certain tasks are distributed to crowdsourcees who are experienced with such tasks (Man-
Ching et al. 2011; Moussawi and Koufaris 2013; Schulze et al. 2012). The crowdsourcer may 
either restrict the open call to crowdsourcees with specific skills and knowledge (i.e., pre-
selection) or invite the general public to solve the task (Leimeister et al. 2009). Extending this 
argument, task allocation is associated with the skill-based or context-specific selection of 
crowdsourcees (Geiger et al. 2012). In a skill-based selection, the crowdsourcees are selected 
on the basis of their skills, for example, crowdsourcees need to pass qualification tests that 
indicate their expertise for a given task (Fähling et al. 2011). In a context-specific selection, 
crowdsourcees are selected on the basis of certain personal attributes, for example age, in-
come, or profession (Anastasiou and Gupta 2011). 

(3) Task Processing 

One of the most important functions is the actual processing of the (sub-) tasks. The solutions 
are generally uploaded onto the crowdsourcing platform by the crowdsourcees. The manage-
ment of the crowd involves a careful monitoring and control of the unstructured workforce in 
order to avoid, for example, decreasing motivation (Anastasiou and Gupta 2011). Therefore, 
trust should be established between the crowdsourcees to facilitate knowledge transfers and 
reduce opportunistic behaviors (Blohm et al. 2013). 

(4) Aggregation and Selection of Solutions 

After the collection, crowdsourcers need to aggregate and select appropriate solutions. In this 
context, two mechanisms can be distinguished: First, there is the possibility to integrate – that 
is, to combine – the individual solutions into a single solution. Here, the contributions of the 
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crowdsourcees are meaningfully linked together such that they are matched to the original 
problem solution (mostly in collaboration- and time-oriented tournament-based approaches). 
In the case of output-oriented tournaments, one (or a few) of all submitted solutions is selected 
(Lakhani et al. 2013). However, in each case, only solutions that fulfil the previously defined 
requirements are selected. 

In this phase, the tasks are also quality checked with respect to predefined requirements. In 
case tasks are simple and largely homogeneous, quality control can be partly automated. In 
the context of simple tasks, complex and creative assignments require not only a higher per-
sonal involvement of the crowdsourcer, but sometimes even particular background 
knowledge for their evaluation (Afuah and Tucci 2012; Anastasiou and Gupta 2011). Thus, 
such submissions are usually evaluated manually following on objective criteria. 

(5) Compensation 

Usually, crowdsourcees are rewarded for their work. In tournament-based projects, only the 
best solutions are rewarded (Leimeister et al. 2009). In crowdsourcing initiatives where the 
total solution is assembled from many partial solutions, every crowdsourcee that has success-
fully completed a (sub-) task is rewarded (Kittur et al. 2013). Also, the intermediary usually 
receives a remuneration (e.g., agio or a fixed amount) from the crowdsourcer for providing 
the infrastructure and bridging (Zogaj et al. 2014). 

6.3 Methodology 

6.3.1 Taxonomy Development 

The process of taxonomy development consists of two phases. First, distinctive characteristics 
for the taxonomy framework are derived. In this vein, homogenous entities are clustered (i.e., 
the crowdsourcing intermediaries) with respect to these characteristics (Fiedler et al. 1996; 
Larsen 2003; Malhotra et al. 2005; Sabherwal and King 1995). Nickerson et al. (2013) pro-
pose a more fine-grained approach. As a first step, they suggest the definition of meta-char-
acteristics that represent the entities’ most comprehensive traits and mimic the taxonomy’s 
main purpose. Based on the meta-characteristics, more fine-grained characteristics reflecting 
distinctive characteristics between entities, enabling comparison and measuring of similarities 
and differences, are then developed (Crowson 1970; McKelvey 1982; Rich 1992). At first, 
the purpose of our taxonomy was defined as classification of different crowdsourcing inter-
mediaries. Crowdsourcing intermediaries reflect a complex system consisting of several core 
functions, which differ substantially in their purpose but are all necessary to provide interme-
diation. According to the purpose of our taxonomy, we followed a deductive approach in 
order to derive 10 meta-characteristics by reviewing crowdsourcing literature with a special 
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focus on crowdsourcing intermediaries as two-sided markets. Finally, we were able to identify 
28 single characteristics and instantiations of the derived meta-characteristics. 

6.3.2 Data Collection and Variables 

In order to develop our empirical taxonomy, we analysed a total of 100 crowdsourcing inter-
mediaries that applied to the following criteria: The intermediary has to be online and open 
for different crowdsourcers as well as crowdsourcees, excluding company-owned platforms 
where both parties work for the same company. Furthermore, this criterion excludes “plat-
form-as-a-service” offerings by software companies. Also, crowdfunding intermediaries were 
excluded due to their very different nature and purpose. Another criterion for the intermediary 
platform is that concrete tasks or assignments have to be offered. Last, only intermediaries 
with active business operations (i.e., a track record of successfully executed projects) and a 
German and/or English locale were considered.  

We derived a total of 28 variables based on the intermediation functions, using ten concepts 
introduced by other scholars. To do so, we systematically reviewed crowdsourcing literature 
with a focus on existing crowdsourcing classifications and taxonomies to identify basic con-
cepts of crowdsourcing to derive our variables. The concepts are (1) value creation, (2) nature 
of task, (3) form of call, (4) crowd selection, (5) work form, (6) crowdsourcing mechanism, 
(7) openness, (8) aggregation of solution, (9) remuneration for crowdsourcee, and last, (10) 
remuneration for intermediary. Table 8 shows the derived variables, their underlying concept, 
as well as a short summary and an example intermediary. 
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Table 8: Overview of Cluster Variables 

 

 

 

 

Function Concept Variable Definition Example 

1 

Value creation 
according to 
Vukovic (2009) 

innovation 
Tender for ideas competition for innovation develop-
ment and crowdsourcees hand in idea or solution 
suggestions. 

InnoCentive, 
Atizo 

design 
Tender for design tasks, such as logo, websites, or 
flyer creation, which are undertaken by the crowd 

99Designs, 
12Designer 

development & 
testing 

Crowdsourcees develop and/or test, mostly soft-
ware, for the crowdsourcer 

Topcoder, Utest 

marketing, 
sales, market re-
search 

Crowdsourcees partly or fully undertake 
crowdsourcer’s marketing activities 

LeadVine, 
Chaordix 

crowdwork/ free-
lancer platform 

Tender for general or specific crowdwork tasks (of-
ten microtasks) and/or placement of freelancers 

Amazon Me-
chanical Turk 

Nature of task 
according to 
 Zhao & Zhu 
(2012)  
Afuah & Tucci 
(2012) 

high granularity 
Tasks with a high granularity or a small extent or 
high division are assigned via the intermediary 

CentWorkers, 
MicroWorkers 

low granularity 
Tasks with a low granularity or a large extent are as-
signed via the intermediary 

InnoCentive, 
99Designs 

high complexity 
Tasks with a high complexity of the single tasks are 
assigned via the intermediary 

TopCoder Mov-
ieBakery 

low complexity 
Tasks with a low complexity of the single tasks are 
assigned via the intermediary 

Fiverr, Utest 

2 

Call 
according to 
Whitla 2009) 

open 
The call to undertake crowdsourcing tasks is ad-
dressed to every crowdsourcee on the platform 

Designenlas-
sen, Jovoto 

restricted 
The call to undertake crowdsourcing tasks is ad-
dressed to a specific part of the crowdsourcees on 
the platform 

Xing Projects, 
yutongo 

Crowd selec-
tion 
according to 
Geiger et al. 
(2012) 

qualification-
based 

Crowdsourcees can be selected because of their 
skills, qualifications, or previous success 

99Designs, 
yutongo 

context-sensitive 
Crowdsourcees can be  selected because of  con-
text-specific factors, such as demographic, socio-
graphic, and/or geographic factors 

InnoCentive, 
Xing Projects 

3 

Work form 
according to 
Afuah & Tucci 
(2012) 

tournament-
based 

The single crowdsourcee accomplishes the task in-
dependently and competes with the other 
crowdsourcees before or during the task perfor-
mance 

Bountify, 
crowdSPRING 

collaborative 
Crowdsourcees do not compete with each other and 
accomplish the task together  

OpenIdeo 

Mechanism 
according to  
Howe (2008) 

crowdvoting 
Selection and decision tasks are undertaken by the 
crowd, for example through voting or 5-star ratings   

OpenIdeo, 
Brainfloor 

crowdcreation 
Content (ideas, software, files, etc.) is created and 
handed in by the crowd. 

Jovoto, Brand-
supply 
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Table 8: Overview of Cluster Variables 2/2 

Function Concept Variable Definition Example 

4 

Openness 
according to  
Howe (2008) 

modify 
Crowdsourcees are able to modify the solution sug-
gestions or posts from other crowdsourcees 

- 

rate 
Crowdsourcees are able to evaluate the posts or so-
lution suggestions from other crowdsourcees, for ex-
ample through voting or comments 

UnserAller, In-
novations-kraft-
werk 

public 
The platform members are able to see other solu-
tions or solution suggestions from the crowdsourcees 

99Designs, 
Jovoto 

Aggregation 
according to 
LaVecchia & 
Cisternino (2010) 

integrative 
The overall solution from the crowd consists  of sev-
eral partial solutions, which are handed in by single 
crowdsourcees 

BugFinders, 
TryMyUI 

selective 

One submitted solution is the overall solution. The 
crowdsourcer can choose between several solutions, 
but these cannot be aggregated  to an overall solu-
tion 

Designen-las-
sen, Voice-
Bunny 

5 

Remuneration 
for crowd-
sourcee 
according to 
Rouse (2010) 

predetermined 
The winner receives a certain amount of money, 
which is predetermined by either the crowdsourcer or  
the platform 

DesignCrowd, 
Jovoto 

performance-
based 

The level of the compensation is based on success 
and quality criteria of the completed task  

Topcoder, 
Crowdguru 

benefit in kind 
The crowdsourcer can give gifts as compensation to 
the winner 

Microworkers 

single winner 
Just one crowdsourcee, the winner, receives a com-
pensation 

Wooshii, 
Crowdspring 

predetermined 
by 
crowdsourcee  

The single crowdsourcee predefines the price for 
their service 

Fiverr 

Remuneration 
for intermediary 
according to 
Hoßfeld et al. 
(2012) 

predetermined 
The platform receives a fixed compensation from  the 
crowdsourcer 

99Designs, 
Crowdguru 

performance-
based 

The platform receives a compensation based on suc-
cess and quality criteria 

Bugfinders, Tri-
cider 

percentage of 
the remunerati-
on paid to the 
crowdsourcee 

The platform receives a percentage of the paid remu-
neration  the crowdsourcees  receives from the 
crowdsourcer 

Testhub, 
crowdSPRING 
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We further developed a coding scheme to content-analyse the websites of each crowdsourcing 
intermediary. Each of the above introduced characteristics is represented by a dichotomous 
variable indicating whether a certain type of characteristic occurred on a given crowdsourcing 
intermediary or not (e.g., whether the call for participation is restricted or not). In order to 
ensure reliability of the content analysis, a sample of 69 investigated crowdsourcing interme-
diaries was recoded by a second researcher. The intercoder reliability was verified using Co-
hen’s Kappa. The value of 0.86 indicates very high agreement (Landis and Koch 1977). As 
the recoding took place one year after the initial coding, we ensure a sufficient degree of 
stability of the characteristics.  

6.3.3 Cluster Analysis 

As suggested by Nickerson et al. (2013), our taxonomy development process first aims at 
deriving mutually exclusive and collectively exhaustive characteristics. Second, we applied a 
cluster analysis to classify the crowdsourcing intermediaries. Cluster analysis is a method for 
grouping entities in a way that the in-group variation becomes minimized in relation to the 
variation across the groups (Aldenderfer and Blashfield 1984; Lorr 1983; Malhotra et al. 
2005). The cluster analysis groups the crowdsourcing intermediaries according to their recip-
rocal similarities and differences measured by the defined variables (Tryon and Bailey 1970). 
Cluster analysis has been proven to be a useful method for the development of empirical 
taxonomies and the identification of generic archetypes (Everitt et al. 2011; Haas et al. 2014; 
Hair et al. 2009). A cluster analysis follows three steps: first, the determination of proximities 
or distances between the entities; second, the grouping of the entities according to the prox-
imity or distance measures by application of a grouping algorithm; third, the determination of 
the optimal number of clusters. To avoid idiosyncratic errors peculiar to a specific proximity 
or distance measure, we applied different proximity (Jaccard, Simple Matching) and distance 
measures (Euclidean distance). As our aim is to identify clusters and not to validate existing 
ones, we applied Ward’s hierarchical agglomerative grouping algorithm.  Ward’s grouping 
algorithm is applicable for dichotomous data and produces reliable results (Van de Vrande et 
al. 2009). As the focus of the study is the development of an empirical taxonomy and the 
generic characterization of the clusters, we used various methods to validate the number and 
the robustness of the clusters. The tests included a two-step cluster analysis, a visual inspec-
tion of the dendrogram and the scree plot, as well as Mojena’s test for identifying the appro-
priate number of clusters (Milligan and Cooper 1985; Mojena 1977). 
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6.4 Results 

To derive the optimal number of clusters for the data set, two different approaches were used 
in the cluster analysis. In a first step, a two-step cluster analysis using the Schwarz Bayesian 
criterion was performed, indicating five clusters. This number was validated through analys-
ing the results of the hierarchical cluster analysis using Ward’s method as the clustering al-
gorithm and the squared Euclidean distance as the distance function. Both the dendrogram as 
well as the scree plot indicate the existence of five distinct clusters and therefore support the 
results of the two-step cluster analysis.  

With the validated five-cluster solution, a further descriptive analysis was conducted to iden-
tify the main variables that characterize each cluster. To verify whether the variables contrib-
ute to the subdivision of the market and the categorization of the crowdsourcing intermediary, 
a cross tabulation and contingency analysis was conducted. In a first step, the allocation of 
the intermediaries was manually verified and tested for plausibility (Haas et al. 2014; 
Malhotra et al. 2005). The results prove that the cluster allocation realistically reflects differ-
ent types of crowdsourcing intermediaries. In a second step, the global differences across the 
five clusters were analysed using the calculated Pearson’s χ2, Cramer V, as well as Goodmann 
& Kruskal’s symmetric λ. We selected these three tests because the variable indicating the 
cluster membership as well as all variables examined are categorical (Everitt 1977). Lastly, 
post hoc tests were conducted for the variables to compare differences between clusters within 
variables, showing significant Pearson χ2 scores. 

The crosstab results of the cluster analysis, as shown in Table 9, indicate that all but three 
variables significantly differ between the intermediaries. The variables “character of task: low 
granularity”, “reward for the participant: performance-based”, and “reward for platform: per-
formance-based” do not reach significant Pearson χ2 scores and were therefore not further 
considered for the analysis. 
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Table 9: Results of the Crosstab Analysis 

Function Concept Variable 

Cluster a Significance Tests 
Significant 

Cluster Differ-
ences 

1 2 3  4 5 
χ2 

Cramer 
V 

λ-Value 

 

n=14 n=31 n=20 n=15 n=20 

1 

Focus of 
value crea-
tion 

innovation 0% 3,2% 10% 0% 85% 66,764*** 0,817*** 0,232*** 
1-2/3/4/5***,2-
3***,2-5***,3-
4/5***,4,5*** 

design 0% 3,2% 55% 0% 0% 43,961*** 0,663*** 0,145** 
All significant 
with p ≤ 0.001 

development & test 0% 6,5% 10% 46,7% 5% 20,887*** 0,457*** 0,72 
1-2/3/4/5***,2-
3***,3-4*,4-5** 

marketing, sales, and 
market research 

0% 0% 5% 53,3% 5% 37,407*** 0,612*** 0,116** 
1-2/3/4/5***,2-
3/4/5***,3-
4***,4-5*** 

crowdwork/ 

freelance 
100% 87,1% 20% 0% 5% 69,268*** 0,832*** 0,217*** 

1-3/4/5***, 2-
3/4/5***,3-
4***,4-5*** 

Character of 
task 

high granularity 57,1% 38,7% 20% 0% 20% 14,765** 0,384** 0 
1-3*,1-4***,1-
5*,2-4***,3-
4***,4-5*** 

low granularity 78,6% 90,3% 100% 100% 90% 6,701 0,259 0  

high complexity 35,7% 83,9% 100% 93,3% 65% 24,877*** 0,499*** 0,058 
1-2/3/4***,3-
5**,4-5* 

low complexity 78,6% 41,9% 10% 26,7% 40% 17,492** 0,418** 0 
1-2*,1-4**,1-
5*,2-3*,3-5* 

2 Request 

unrestricted 100% 96,8% 100% 0% 95% 86,409*** 0,930*** 0,203 
1-4***,2-4***,3-
4***,4-5**** 

restricted 0% 96,8% 45% 100% 15% 65,452*** 0,809*** 0,232*** 
1-2/3/4/5***,2-
3***,2-5***,3-
4***,3-5*,4-5*** 

 Preselection 

based on qualification 0% 96,8% 45% 100% 10% 68,678*** 0,829*** 0,246*** 
1-2/3/4/5***,2-
3***,2-5***,3-
4***,3-5*,4-5*** 

based on context 0% 67,7% 5% 100% 25% 52,897*** 0,727*** 0,13 

1-2/3/4/5***,2-
3***,2-4*,2-
5**,3-4***,4-
5*** 

3 Work form competition-based 100% 96,8% 100% 100% 65% 25,031*** 0,5*** 0,87* 
1-5*,2-5**,3-
5**,4-5** 

 

 collaboration-based 7,1% 6,5% 0% 0% 45% 26,614*** 0,516*** 0,101* 
1-3/4***,1-5*,2-
3/4/5***,3-
4/5***,4-5*** 

Character 

crowdvoting 21,4% 29% 15% 0% 85% 36,378*** 0,603*** 0,116 
1-4/5***,2-
4/5***,3-
4/5***,4-5*** 

crowdcreation 
Not used in the cluster analysis, since all platforms can be characterized as  
crowdcreation 
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Table 9: Results of the Crosstab Analysis 2/2 

4 

Accessibility 
of user con-
tent 

Modify Not used in the cluster analysis, since no platform allows modification 

rate 21,4% 19,4% 25,0% 0% 95% 46,197*** 0,68*** 0,188** 
1-4/5***,2-
4/5***,3-
4/5***,4-5*** 

access publicly 7,1% 16,1% 55% 0% 45% 21,922*** 0,468*** 0,087 

1-3**,1-4***,1-
5*,2-3**,2-
4***,2-5*,3-
4***,4-5*** 

Aggregation 
of solutions 

integrative 35,7% 61,3% 5% 100% 40% 34,619*** 0,588*** 0,101 

1-3*,1-4***,2-
3***,2-4**,3-
4***,3-5**,4-
5*** 

selective 92,9% 77,4% 95% 0% 80% 47,927*** 0,692*** 0,083 
1-4***,2-4***,3-
4/5***,4-5*** 

5 

Reward for 
the partici-
pant 

predetermined 100% 96,8% 100% 86,7% 40% 41,168*** 0,642*** 0,159*** 
1-5***,2-5***,3-
5***,4-5** 

performance-based 0% 6,5% 0% 13,3% 5% 4,12 0,203 0  

benefit in kind 0% 6,5% 5% 0% 35% 18,1*** 0,425*** 0,072 
1-2/3/4/5***,2-
4***,2-5**,3-
4***,3-5*,4-5*** 

single winner 78,6% 58,1% 75% 0% 0% 44,58*** 0,668*** 0,101 
1-4/5***,2-
4/5***,3-
4/5***,4-5*** 

determined by partici-
pant 

35,7% 29% 0% 0% 0% 20,254*** 0,45*** 0 
1-3/4/5***,2-
3/4/5***,3-
4/5***,4-5*** 

Reward for 
platform 

predetermined 21,4% 54,8% 100% 86,7% 35% 32,009*** 0,566*** 0,043 
1-2*,1-3/4***,2-
3***,2-4*,3-
5*,4-5** 

performance-based 0% 3,2% 0% 6,7% 5% 2,025 0,142 0  

percentage of the re-
ward paid to the partici-
pant 

71,4% 48,4% 15% 40% 40% 11,539* 0,34* 0,014 1-3***,2-3* 

* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001 

a Percentages of crowdfunding intermediaries in one cluster that shows a given characteristic; bold values indicate the cluster with the 
highest occurrence of a given characteristic 

b Significance between clusters is tested using Pearson’s χ2 

6.4.1 Cluster 1: Microtasking  

Intermediaries in Cluster 1 are characterized by broadcasting very simple tasks with low com-
plexity (78.6%) and high granularity. Commonly, tasks that are broadcasted can be processed 
much faster by the crowd than by machines, such as pattern recognition or tagging of pictures 
metadata (Doan et al. 2011). Microtasking is one of the earliest crowdsourcing forms and has 
received significant attention in research. The crowd is reached via an open and unrestricted 
call (100%). The solutions delivered are not public and furthermore selective (92.9%). The 
remuneration for crowdsourcees is predetermined (100%), as crowdsourcees receive a fixed 
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compensation set by the crowdsourcer. Since it is microtasking, the awarded amount of 
money per task is very low. To sum up, intermediaries in this cluster connect crowdsourcers 
wanting to outsource simple and small chunks of work with an undefined and unspecialized 
crowd. Also, the entire crowdsourcing process is executed and managed on the infrastructure 
of the intermediary. The reward is almost always predetermined by the crowdsourcer and very 
low (100%). A typical intermediary for this archetype is the microtasking platform Amazon 
Mechanical Turk. 

6.4.2 Cluster 2: Knowledge Work 

Cluster 2 contains the largest amount of intermediaries, which can be best described as 
knowledge work. The difference between this archetype and the microtasking intermediaries 
in Cluster 1 mainly constitutes in the complexity and granularity of tasks. Broadcasted tasks 
are more complex and larger, demanding specialized know-how by the crowdsourcees. 
Hence, the crowdsourcer can usually restrict the call and select the crowdsourcees based on 
various qualifications (96.8%). The integration of solutions can be both integrative (61.3%) 
as well as selective (77.4%). The crowdsourcee is paid a predetermined amount set before the 
task is solved (96.8%). For the bridging, the intermediary receives a percentage of the remu-
neration paid to the participant (e.g., 4% of the payment amount). The ranges of tasks broad-
casted or skills offered are manifold but share the property of high knowledge intensity and 
specialization. The goal is to find the best fitting skills required for a certain task. Typical 
examples of this cluster are Upwork or TopCoder. 

6.4.3 Cluster 3: Design Competition 

Intermediaries in Cluster 3 are mainly characterized by the mediation and execution of design 
activities. The work form is exclusively competition based (100%). Moreover, the aggrega-
tion of solutions is selective (95%), meaning that there is just one design that is picked and 
just one crowdsourcee receiving the predetermined remuneration. Since there is just one de-
sign, the solutions are not integrative but publicly available at times (55%). Design tasks are 
complex tasks with low granularity that require special skills. Hence, most of the time, the 
crowdsourcer can select the crowd based on qualifications (45%), for example experience or 
(photo-editing) software skills. The remuneration for crowdsourcees is predetermined by the 
crowdsourcer. Also, the intermediary receives a fixed amount for its services. 99Designs can 
be named as a representative for this cluster. 

6.4.4 Cluster 4: Testing and Validation 

The fourth cluster includes intermediaries mostly specialized on the validation and testing of 
products or services. These products are usually digital goods such as apps or websites offer-
ing services. These intermediaries cover two aspects of testing. On the one hand, testing and 
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validation means the examination of the user’s acceptance, for example usability testing of a 
new app. On the other hand, testing means the verification of the functionality to improve the 
software quality. These kinds of tasks are complex and extensive at times. As it is very im-
portant to receive the feedback for the product or service from the right people or skilled 
people who may actually find bugs in the software, respectively, a context-specific restriction 
significantly defines this cluster. The solutions are not publicly available although the mech-
anism is integrative, meaning that solutions will be integrated into one overall result. As an 
example, the market leader in crowdtesting UTest can be named as a typical intermediary for 
this cluster. 

6.4.5 Cluster 5: Innovation  

The intermediaries in Cluster 5 have a clear focus on tasks for innovation purposes. The key 
characteristic for intermediaries in this cluster is the mode of work, since it is the sole cluster 
where crowdsourcees collaboratively execute tasks (45%). This correlates with the fact that 
crowdvoting elements, for example rating a submitted solution from another participant or 
group of participants, are often applied by intermediaries in this cluster. Therefore, submitted 
solutions are publicly available (45%). The call is usually unrestricted and open to every 
crowdsourcee. Another peculiarity for this cluster is the remuneration for the crowdsourcees, 
which is often realized in the form of nonmonetary rewards such as material goods and gifts 
(35%). Typical examples of this cluster are InnoCentive or Atizo. 

6.5 Discussion 

This study presents crowdsourcing as an intermediation process by embedding crowdsourcing 
in the two-sided market theory. For classifying crowdsourcing intermediaries, we were able 
to derive 28 theory-grounded characteristics that frame how this intermediation between both 
crowdsourcers and crowdsourcees may look like. We further developed an empirical taxon-
omy based on these characteristics by applying a cluster analysis. The taxonomy describes 
five distinct archetypes of two-sided crowdsourcing markets: microtasking, knowledge work, 
design competition, test and validation, and innovation. Although these clusters seem to be 
primarily organized by the task being crowdsourced, intermediaries in each cluster show 
highly different exchange processes between crowdsourcers and crowdsourcees. Thus, the 
results of our cluster analysis allow us to distinguish and develop five specific intermediation 
models for how crowdsourcing intermediaries act as two-sided markets (c.f. Figure 8). 

From an intermediary’s perspective, the key insight is that clusters are mainly determined by 
the focus on the value creation and the nature of the task, that is, the granularity and complex-
ity. The taxonomy reveals three clusters based on its focus: design, innovation, and test and 
validation. As the name suggests, in the microtasking cluster, the crowdsourcer can broadcast 
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simple and low-complexity tasks that can be processed very fast whereas the cluster 
knowledge work broadcasts specific and more complex tasks where a specialized crowd is 
necessary.  

One very interesting insight is the work form with which the tasks are being processed. There 
is no statistical significance between clusters 1 to 4 regarding the competition-based pro-
cessing of tasks. That means the crowdsourcees are, with the exception of the innovation 
cluster, always in competition with each other. One the one hand, this competition might 
foster the engagement and quality of the solutions, since for these archetypes remuneration is 
strongly associated with the competition-based approach. On the other hand, one can argue 
that many crowdsourcees execute the tasks without being rewarded or paid for their services, 
since most of the time, the “winner takes it all” principle is applied and the aggregation of 
solutions is selective. 

 
Figure 8: Cluster-Specific Peculiarities of Core Functions 

The test and validation cluster is one peculiarity of this case. Although the crowdsourcees are 
in competition with each other, there are multiple winners since the allocation of the tasks is 
always integrative and many solutions are awarded and integrated. Testing is a very complex 
task where it is basically impossible for one single person to determine every malfunction or 
bug. As for the remuneration of crowdsourcees, there is a significant distinction between clus-
ters 1-3 and 4-5. In microtasking, knowledge work, or design competitions, there are usually 
single solutions that are rewarded whereas in testing and validation as well as innovation, 
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multiple crowdsourcees are rewarded. The intermediary receives a fixed amount for manag-
ing the process and providing the necessary infrastructure with the exception of the microtask-
ing cluster where the intermediary receives a percentage share of the amount remunerated to 
the crowdsourcees. 

To further discuss the quality of our empirically developed taxonomy, we followed Rich 
(1992) who described seven requirements for a valid classification: 

Breadth: To ensure sufficient breadth, we screened 100 crowdsourcing intermediaries to es-
tablish a comprehensive and representative market overview for our taxonomy. 

Meaning: The taxonomy is based on the institutional perspective of the two-sided market 
theory and structured along the crowdsourcing process to display the different functions and 
exchange relationships between crowdsourcer, intermediary, and crowdsourcees. Related 
work also showed that crowdsourcing and its intermediaries are way too complex and heter-
ogeneous to be considered as a single group. It also showed that there is no overarching tax-
onomy that factors every crowdsourcing facet, thus legitimating this overarching classifica-
tion system for crowdsourcing intermediaries. 

Depth: We followed the taxonomy development process by Nickerson et al. (2013) in order 
to develop collectively exhaustive characteristics to identify the archetypes of crowdsourcing 
intermediaries. Our research approach along the crowdsourcing process ensured that all im-
portant characteristics for crowdsourcing intermediaries are considered to ensure sufficient 
depth of our taxonomy. 

Theory: Embedding crowdsourcing into the theory of two-sided markets provides a theory-
based understanding of the archetypes of crowdsourcing intermediaries. 

Quantitative measurement: To develop our taxonomy, we used a multivariate data analysis 
and applied various quantitative and post hoc analyses to validate our results. The originated 
clusters are the result of this multivariate data analysis. 

Completeness and logic: We derived our characteristics following the taxonomy develop-
ment process by Nickerson et al. (2013). The characteristics proved to be collectively exhaus-
tive. Hence, we followed a deductive approach to identify distinctive characteristics. The re-
sulting clusters proved to be both internally consistent as well as comprehensive in their in-
clusion. 

Recognizability: The taxonomy characteristics were derived conducting a comprehensive 
literature review. Furthermore, the assignment of the intermediaries into the clusters was ver-
ified manually to ensure that our results mirror reality and describe generic archetypes of 
crowdsourcing intermediaries. 
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6.6 Theoretical and Practical Implications 

In this paper, we developed a theoretically grounded and empirically validated taxonomy of 
crowdsourcing intermediaries reflecting two-sided markets. The taxonomy suggests five ar-
chetypes of intermediaries: microtasking, knowledge work, design competition, testing and 
validation, and innovation. The paper thereby provides three major contributions.  

First, the taxonomy eliminates shortcomings of existing taxonomies, for example Doan et al. 
(2011), Geiger et al. (2012), or Nakatsu et al. (2014), while building on their merits. By sys-
tematically reviewing existing crowdsourcing literature, we were able to derive ten basic con-
cepts used by other scholars to classify crowdsourcing to ultimately develop an overarching 
framework covering the core functions that constitute the exchange relationships between the 
actors in the two-sided crowdsourcing market. This allows a fine-grained view on the distinct 
exchange relationships generating valuable insights: The taxonomy displays that crowdsourc-
ing is strongly associated with the value creation process of the crowdsourcer and, based on 
this, how the intermediary manages the core functions in the different archetypes.  

Second, to the best of our knowledge, this study is the first to investigate crowdsourcing from 
a two-sided market perspective. So far, theoretical approaches in crowdsourcing literature 
almost exclusively focus on either the crowdsourcer, for example Afuah and Tucci (2012), 
Schenk and Guittard (2011a), and Penin and Burger-Helmchen (2011), or the crowdsourcees, 
for example Leimeister et al. (2009), Muhdi and Boutellier (2011), and Moussawi and Kou-
faris (2013). As for the intermediary perspective, there is no theoretically grounded approach 
to describe and analyse this player of the two-sided market. By linking crowdsourcing with 
the theory of two-sided markets (Rochet and Tirole 2003; Rysman 2009), we provide this 
theoretical grounding of crowdsourcing many researchers are calling for (Pedersen et al. 
2013; Penin and Burger-Helmchen 2011; Zhao and Zhu 2014). 

Last, our paper also contributes to research on two-sided markets (Rochet and Tirole 2003; 
Rysman 2009) by combining the theory’s institutional perspective regarding the market play-
ers with the functional perspective of crowdsourcing. Hence, this research enables a more 
profound understanding of how intermediaries in two-sided markets manage exchange rela-
tionships between agents. 

For practice, we provide decision support for both the crowdsourcer and the crowdsourcees. 
The taxonomy provides a comprehensive and representative overview of the possibilities of 
crowdsourcing. Thus, it shows existing possibilities of crowdsourcing regarding the tasks that 
can be crowdsourced as well as the necessary requirements to broadcast these tasks to the 
crowdsourcees. The description of the clusters may serve as helpful guidance for 
crowdsourcers concerning where to broadcast the desired task. Based on the nature and char-
acteristic of the task, that is, the focus in the value creation process, complexity, granularity, 
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and its requirements regarding the necessary qualification or context (e.g., demographics of 
crowdsourcees), the taxonomy delivers helpful guidance concerning where to broadcast the 
task. As for the crowdsourcees, the taxonomy may provide a better overview of the job op-
portunities and necessary skills in the crowdsourcing landscape. 

6.7 Limitations and Future Research 

While this study presents a first theoretically grounded and empirically validated taxonomy 
of crowdsourcing intermediaries, there are two limitations that have to be addressed. First, 
our sampling procedure was limited to crowdsourcing intermediaries with an English or Ger-
man website. Including websites using other languages might, in principle, have produced 
slightly different results. However, the investigated intermediaries displayed a broad geo-
graphic dispersion, including a variety of non-English or non-German speaking countries. 
Furthermore, the USA and Germany are among the biggest and most mature crowdsourcing 
markets, making us believe that our results are generalizable. 

Second, while we put great effort in ensuring the reliability and validity of our data, using the 
intercoder reliability with Cohen’s kappa, there may be mistakes in coding and/or the inter-
pretation of some criteria. The use of objective platform data might have produced an even 
more sophisticated assessment.  

Our taxonomy leads to the conjecture that intermediaries mainly differ in the task that is 
broadcasted and especially by the type of value creation to be crowdsourced. There are, for 
instance, from a two-sided market perspective, vast differences in the intermediation process 
between an intermediary for microtasking and an intermediary focusing on innovation pur-
poses. Hence, we strongly believe that, based on this, platform design principles and success 
factors for intermediaries differ between clusters and should therefore be further examined. 
More extensive research on this topic is needed with respect to the different identified arche-
types. Last, the examination of same-side and cross-side network effects regarding this two-
sided market scenario, reflected by crowdsourcing, will help to develop a more profound and 
theory-driven understanding of crowdsourcing and the peculiarities and commonalities that 
exist among different archetypes as well as other crowd-based approaches, for example 
crowdfunding. 

6.8 Conclusion 

In this paper, we developed a theoretically grounded and empirically validated taxonomy of 
crowdsourcing intermediaries leading to five archetypes of intermediaries: microtasking, 
knowledge work, design competition, test and validation, and innovation. This taxonomy 
helps to systematize our understanding of crowdsourcing intermediaries and provides a new 
institutional and market-based perspective on crowdsourcing. 



 

57 

 

6.9 Acknowledgments 

The authors would like to thank Leon Mehlau for supporting the data collection and analysis. 

6.10 References 

Afuah, A., and Tucci, C. L. 2012. "Crowdsourcing as a Solution to Distant Search," Academy 
of Management Review (37:3), pp. 355-375. 

Aldenderfer, and Blashfield, R. K. 1984. Cluster Analysis. Newbury Park, CA: SAGE 
Publications. 

Anastasiou, D., and Gupta, R. 2011. "Comparison of Crowdsourcing Translation with 
Machine Translation," Journal of Information Science (37:6), pp. 637-659. 

Bakos, J. Y. 1991. "A Strategic Analysis of Electronic Marketplaces," MIS Quarterly (15:3), 
pp. 295-310. 

Bakos, J. Y. 1998. "The Emerging Role of Electronic Marketplaces on the Internet," 
Communications of the ACM (41:8), pp. 35-42. 

Blohm, I., Leimeister, J. M., and Krcmar, H. 2013. "Crowdsourcing: How to Benefit from 
(Too) Many Great Ideas," MIS Quarterly Executive (12:4), pp. 199-211. 

Brabham, D. C. 2012. "Crowdsourcing: A Model for Leveraging Online Communities," in 
The Routledge Handbook of Participatory Culture, A. Delwiche and J. Henderson 
(eds.). London, England:  pp. 120-129. 

Caillaud, B., and Jullien, B. 2003. "Chicken & Egg: Competition among Intermediation 
Service Providers," RAND Journal of Economics), pp. 309-328. 

Corney, J. R., Torres-Sánchez, C., Jagadeesan, A. P., and Regli, W. C. 2009. "Outsourcing 
Labour to the Cloud," International Journal of Innovation and Sustainable 
Development (4:4), pp. 294-313. 

Crowson, R. A. 1970. Classiiication and Biology. New York: Atherton Press. 

Damiano, E., and Li, H. 2008. "Competing Matchmaking," Journal of the European 
Economic Association (6:4), pp. 789-818. 

Doan, A., Ramakrishnan, R., and Halevy, A. Y. 2011. "Crowdsourcing Systems on the World-
Wide Web," Communications of the ACM (54:4), pp. 86-96. 

Everitt, B. S. 1977. The Analysis of Contingency Tables. New York: Chapman and Hall. 

Everitt, B. S., Landau, S., Leese, M., and Stahl, D. 2011. Cluster Analysis. New York: Wiley. 



 

58 

 

Fähling, J., Blohm, I., Leimeister, J. M., Krcmar, H., and Fischer, J. 2011. "Accelerating 
Customer Integration into Innovation Processes Using Pico Jobs," International 
Journal of Technology Marketing (6:2), pp. 130-147. 

Fiedler, K. D., Grover, V., and Teng, J. T. C. 1996. "An Empirically Derived Taxonomy of 
Information Technology Structure and Its Relationship to Organizational Structure," 
Journal of Management Information Systems (13:1), pp. 9-34. 

Geiger, D., Rosemann, M., Fielt, E., and Schader, M. 2012. "Crowdsourcing Information 
Systems - Definition Typology, and Design," in: International Conference on 
Information Systems (ICIS 2012). Orlando, USA. 

Guo, W., Straub, D., and Zhang, P. 2013. "The Impact of Formal Controls and Relational 
Governance on Trust in Crowdsourcing Marketplace: An Empirical Study," in: 
International Conference on Information Systems (ICIS 2013). Milan, Italy. 

Haas, P., Blohm, I., and Leimeister, J. M. 2014. "An Empirical Taxonomy of Crowdfunding 
Intermediaries," in: International Conference on Information Systems (ICIS 2014). 
Auckland, New Zealand. 

Hair, J. F., Black, W. C., Babin, B. J., and Anderson, R. E. 2009. Multivariate Data Analysis 
(7th Edition). Upper Saddle River: Prentice Hall. 

Hirth, M., Hoßfeld, T., and Tran-Gia, P. 2011a. "Cost-Optimal Validation Mechanism and 
Cheat-Detection for Crowdsourcing Platforms," 5th IMIS). 

Hirth, M., Hoßfeld, T., and Tran-Gia, P. 2011b. "Modeling of Crowdsourcing Platforms and 
Granularity of Work Organization in Future Internet," ITC '11 Proceedings of the 23rd 
International Teletraffic Congress), pp. 142-149  

Howe, J. 2006. "The Rise of Crowdsourcing," Wired magazine (14:6), pp. 1-4. 

Ipeirotis, P. G., and Horton, J. J. 2011. "The Need for Standardization in Crowdsourcing," in: 
ACM Conference on Human Factors in Computing Systems. Vancouver, Canada. 

Jeppesen, L. B., and Lakhani, K. R. 2010. "Marginality and Problem-Solving Effectiveness 
in Broadcast Search," Organization Science (21:5), pp. 1016-1033. 

Kittur, A., Khamkar, S., André, P., and Kraut, R. E. 2012. "Crowdweaver: Visually Managing 
Complex Crowd Work," in: Computer Supported Cooperative Work (CSCW 2012). 

Kittur, A., Nickerson, J. V., Bernstein, M. S., Gerber, E. M., Shaw, A., Zimmerman, J., Lease, 
M., and Horton, J. J. 2013. "The Future of Crowd Work," in: Computer Supported 
Cooperative Work (CSCW 2013). San Antonio, USA. 



 

59 

 

Kozinets, R. V., Hemetsberger, A., and Schau, H. J. 2008. "The Wisdom of Consumer 
Crowds: Collective Innovation in the Age of Networked Marketing," Journal of 
Macromarketing (28), pp. 339-354. 

Lakhani, K. R., Boudreau, K. J., Loh, P.-R., Backstrom, L., Baldwin, C., Lonstein, E., Lydon, 
M., MacCormack, A., Arnaout, R. A., and Guinan, E. C. 2013. "Prize-Based Contests 
Can Provide Solutions to Computational Biology Problems," Nature biotechnology 
(31:2), pp. 108-111. 

Landis, J. R., and Koch, G. G. 1977. "The Measurement of Observer Agreement for 
Categorical Data," Biometrics (33:1), pp. 159-174. 

Larsen, K. R. T. 2003. "A Taxonomy of Antecedents of Information Systems Success: 
Variable Analysis Studies," Journal of Management Information Systems (20:2), pp. 
169-246. 

Leimeister, J. M. 2010. "Collective Intelligence," Business & Information Systems 
Engineering (2:4), pp. 245-248. 

Leimeister, J. M., Huber, M., Bretschneider, U., and Krcmar, H. 2009. "Leveraging 
Crowdsourcing: Activation-Supporting Components for It-Based Ideas Competition," 
Journal of Management Information Systems (26:1), pp. 197-224. 

Lorr, M. 1983. Cluster Analysis for Social Scientists. San Francisco: Jossey-Bass. 

Mahadevan, B. 2000. "Business Models for Internet-Based E-Commerce: An Anatomy," 
California Management Review (42:4), pp. 55-69. 

Malhotra, A., Gosain, S., and Sawy, O. A. E. 2005. "Absorptive Capacity Configurations in 
Supply Chains: Gearing for Partner-Enabled Market Knowledge Creation," MIS 
Quarterly (29:1), pp. 145-187. 

Malone, T. W., Yates, J., and Benjamin, R. I. 1987. "Electronic Markets and Electronic 
Hierarchies," Communications of the ACM (30:6), pp. 484-497. 

Man-Ching, Y., King, I., and Kwong-Sak, L. 2011. "Task Matching in Crowdsourcing," in: 
4th International Conference on Cyber, Physical and Social Computing. pp. 409-412. 

Mäntylä, M. V., and Itkonen, J. 2013. "More Testers–the Effect of Crowd Size and Time 
Restriction in Software Testing," Information and Software Technology (55:6), pp. 
986-1003. 

McKelvey, B. 1982. Organizational Systematics: Taxonomy, Evolution, Classification. 
Berkeley: University of California Press. 



 

60 

 

Milligan, G., and Cooper, M. 1985. "An Examination of Procedures for Determining the 
Number of Clusters in a Data Set," Psychometrika (50:2), pp. 159-179. 

Mojena, R. 1977. "Hierarchical Grouping Methods and Stopping Rules: An Evaluation," The 
Computer Journal (20:4), pp. 359-363. 

Morris, R. R., Dontcheva, M., and Gerber, E. 2012. "Priming for Better Performance in 
Micro-Task Crowdsourcing Evironments," Internet Computing, IEEE (16:5), pp. 13-
19. 

Moussawi, S., and Koufaris, M. 2013. "The Crowd on the Assembly Line: Designing Tasks 
for a Better Crowdsourcing Experience," in: International Conference on Information 
Systems (ICIS 2013). 

Muhdi, L., and Boutellier, R. 2011. "Motivational Factors Affecting Participation and 
Contribution of Members in Two Different Swiss Innovation Communities," 
International Journal of Innovation Management (15:03), pp. 543-562. 

Nakatsu, R. T., Grossman, E. B., and Iacovou, C. L. 2014. "A Taxonomy of Crowdsourcing 
Based on Task Complexity," Journal of Information Science (40:6), pp. 823-834. 

Nickerson, R. C., Muntermann, J., and Varshney, U. 2010. "Taxonomy Development in 
Information Systems: A Literature Survey and Problem Statement," in: Americas 
Conference on Information Systems (AMCIS 2010). 

Nickerson, R. C., Varshney, U., and Muntermann, J. 2013. "A Method for Taxonomy 
Development and Its Application in Information Systems," European Journal of 
Information Systems (22:3), pp. 336-356. 

Pedersen, J., Kocsis, D., Tripathi, A., Tarrell, A., Weerakoon, A., Tahmasbi, N., Xiong, J., 
Deng, W., Oh, O., and de Vreede, G.-J. 2013. "Conceptual Foundations of 
Crowdsourcing: A Review of Is Research," in: Hawaii International Conference on 
System Sciences (HICSS 2013). IEEE, pp. 579-588. 

Penin, J., and Burger-Helmchen, T. 2011. "Crowdsourcing of Inventive Activities: Definition 
and Limits," International Journal of Innovation and Sustainable Development (5:2-
3), p. 18. 

Quinn, A. J., and Bederson, B. B. 2011. "Human Computation: A Survey and Taxonomy of 
a Growing Field," in: Proceedings of the 2011 annual conference on Human factors 
in computing systems. Vancouver, BC, Canada: ACM. 

Rich, P. 1992. "The Organizational Taxonomy: Definition and Design," Academy of 
Management Review (17:4), pp. 758-781. 



 

61 

 

Rochet, J. C., and Tirole, J. 2003. "Platform Competition in Two-Sided Markets," Journal of 
the European Economic Association (1:4), pp. 990-1029. 

Rouse, A. C. 2010. "A Preliminary Taxonomy of Crowdsourcing," in: Australian Conference 
on Information Systems (ACIS 2010). Brisbane, Australia. 

Rysman, M. 2009. "The Economics of Two-Sided Markets," The Journal of Economic 
Perspectives (23:3), pp. 125-143. 

Sabherwal, R., and King, W. R. 1995. "An Empirical Taxonomy of the Decision-Making 
Processes Concerning Strategic Applications of Information Systems," Journal of 
Management Information Systems (11:4), pp. 177-214. 

Schenk, E., and Guittard, C. 2011. "Towards a Characterization of Crowdsourcing Practices 
" Journal of Innovation Economics,:7), pp. 93-107. 

Schulze, T., Krug, S., and Schader, M. 2012. "Workers’ Task Choice in Crowdsourcing and 
Human Computation Markets," in: International Conference on Information Systems 
(ICIS 2012). Orlando, USA. 

Surowiecki, J. 2005. The Wisdom of Crowds. Random House LLC. 

Tryon, R. C., and Bailey, D. E. 1970. Cluster Analysis. New York: McGraw-Hill Inc. 

Van de Vrande, V., De Jong, J. P. J., Vanhaverbeke, W., and De Rochemont, M. 2009. "Open 
Innovation in Smes: Trends, Motives and Management Challenges," Technovation 
(29:6-7), pp. 423-437. 

Vukovic, M. 2009. "Crowdsourcing for Enterprises," in: World Conference on Services-I 
2009 IEEE, pp. 686-692. 

Yuen, M.-C., King, I., and Leung, K.-S. 2011. "A Survey of Crowdsourcing Systems," in: 
2011 IEEE International Conference on Privacy, Security, Risk, and Trust. Boston, 
MA, USA. 

Zhao, Y., and Zhu, Q. 2014. "Evaluation on Crowdsourcing Research: Current Status and 
Future Direction," Information Systems Frontiers (16:3), pp. 417-434. 

Zogaj, S., Bretschneider, U., and Leimeister, J. M. 2014. "Managing Crowdsourced Software 
Testing: A Case Study Based Insight on the Challenges of a Crowdsourcing 
Intermediary," Journal of Business Economics (84:3), pp. 375-405. 



 

62 

 

7 GIVEN ENOUGH EYEBALLS, ALL BUGS ARE SHAL-
LOW 

Reference: 

Leicht, N (2018), "Given Enough Eyeballs, all Bugs are Shallow - A Literature Review for 
the Use of Crowdsourcing in Software Testing", in: Hawaii International Conference 
on System Sciences (HICSS 2018), Hawaii, USA. 

Abstract 

Over the last years, the use of crowdsourcing has gained a lot of attention in the domain of 
software engineering. One key aspect of software development is the testing of software. Lit-
erature suggests that crowdsourced software testing (CST) is a reliable and feasible tool for 
manifold kinds of testing. Research in CST made great strides; however, it is mostly unstruc-
tured and not linked to traditional software testing practice and terminology. By conducting 
a literature review of traditional and crowdsourced software testing literature, this paper de-
livers two major contributions. First, it synthesizes the fields of crowdsourcing research and 
traditional software testing. Second, the paper gives a comprehensive overview over findings 
in CST-research and provides a classification into different software testing types. 

Keywords: Crowdsourcing, Crowdtesting, Literature Review, Software Testing 
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7.1 Introduction 

Today, many IT departments face an increasingly dynamic environment, shorter product 
lifecycles and cost pressure. The rapid development of new IT-enabled business models and 
a fast growing hardware market as well as its segmentation - smartphones, tablets, wearable 
technologies, or the Internet of Things - are making software testing increasingly complex. 
Given the increased complexity, the domain of software testing is about to develop manifold 
approaches to overcome this issue. One approach is test automation that is the automated 
execution of pre-scripted tests via software (Huizinga and Kolawa 2007). However, since 
automated testing is still not applicable in many settings (Rafi et al. 2012) and most tasks still 
require human intelligence in order to be performed, traditional approaches are becoming less 
applicable – both economically and practicably (Dolstra et al. 2013).  

With the advent of digitization and the rise of advanced web technologies, more and more 
companies are using IT to connect with groups of individuals for resource (Prpic and Shukla 
2016) and value creation purposes (Afuah and Tucci 2012; Jeppesen and Lakhani 2010). Us-
ing groups of individuals over the internet that voluntarily undertake tasks based on a flexible 
open call is known as crowdsourcing (Blohm et al. 2013; Durward et al. 2016) and recently 
found its application in software testing (LaToza and van der Hoek 2016; Leicht et al. 2017). 

In crowdsourced software testing (CST) or crowdtesting, a diverse pool of people test soft-
ware in real environments using their own devices (Leicht et al. 2016c). This form of quality 
assurance is adapted from open source code reviews, following the mantra: “Given enough 
eyeballs, all bugs are shallow” (Raymond 1999). Research on CST made great strides over 
the last years. It was applied for various testing types (i.e., usability testing, validation testing, 
etc.) and in various research contexts (i.e., education, corporate context, and experimental 
settings) and has shown to be a feasible and reliable tool in software testing. Despite these 
merits, CST research is mostly unstructured and often lacks a proper “terminology” and clas-
sification into existing software testing practices. Thus, there is no systematization of CST 
research. 

To address this issue, I have conducted a literature review (Boell and Cecez-Kecmanovic 
2015; vom Brocke et al. 2015). By doing so, the contribution of this paper is twofold. At first, 
I will portray the research landscape and provide a comprehensive overview and systemati-
zation. Thereby, I synthesize the fields of crowdsourcing research and traditional software 
testing to provide a comprehensive overview of the application of CST. Second, I will provide 
in-depth knowledge to the growing body of literature for crowdsourcing in software engineer-
ing. For practitioners, the paper illustrates when and where CST has successfully been applied 
and where it gives an indication to when CST might be a feasible mechanism compared to 
other testing techniques such as traditional manual testing or test automation. 



 

64 

 

The remainder of the paper is structured as follows. The next section provides the conceptual 
background of crowdsourced software testing, as well as a definition of the term software 
testing. The third section explains the review approach, providing insights into the methodol-
ogy. Following that, I present descriptive findings before providing a systematization of CST 
research and present specific issues addressed in the papers. Thus, I discuss the results and 
lay out interesting topics for future research (Rowe 2014). Finally, I present the papers’ con-
tributions for theory and practice before closing it with respective limitations and a conclu-
sion. 

7.2 Conceptual Background 

7.2.1 Software Testing 

Software testing is an integral component of software development and arguably the least 
understood part of the software development process (Whittaker 2000). There are several 
definitions of the activity itself and the purpose of software testing. Often times, software 
testing is defined as the “the process of executing a program with the intent of finding errors” 
(Myers et al. 2011). Another very common definition is: “Software testing is the process of 
executing a software system to determine whether it matches its specification and executes in 
its intended environment.” (Whittaker 2000) 

Thereby, it is important to note that the fact that the system is being executed is a characteristic 
that distinguishes software testing from code reviews, in which uncompiled source code is 
analysed (sometimes referred to as “static testing”) (Roggio et al. 2014). While this definition 
offers a very important confinement to code review, it is quite mechanistic and does not take 
account for the increasing emergence of digital software products as well as increasing ex-
pectations of users towards software.  

In this vein, software testing can be seen as the verification process for the assessment of 
software quality and a process for achieving that quality by supporting the interests of all 
stakeholders of an application, that is, end-users, developers, software designers, and soft-
ware testers (Bertolino 2007; Naik and Tripathy 2011). To achieve that goal, it becomes clear 
that different types of testing by various stakeholders at different times (during or subsequent 
to development) need to be performed (Roggio et al. 2014). Subsequently, this definition im-
plies that there are different types and methods of testing and, indeed, there are numerous 
classifications depending on one’s standpoint. Most of the following typologies are not mu-
tually exclusive and sometimes used interchangeably. 

One approach to classify software testing is based on the software’s environment, which it is 
modelled at. That is, unit testing, integration testing, and system testing. In unit testing, the 
tester is only concerned with individual software components or a collection of components. 
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In integration testing, multiple components are tested. Here, the focus of integration lies on 
the communication between the components. System testing refers to the testing of all com-
ponents as deliverable products (Whittaker 2000).  

Another classification, which is not mutually exclusive to the prior one, is based on the “vis-
ibility” of the code for the tester and it divides white-box-testing (also referred to as structural 
or glass-box testing) and black-box-testing. (also referred to as end-user testing) (Roggio et 
al. 2014). In white-box testing, the tester performs testing through examination and 
knowledge of source code. The goal is to ensure that internal operation performs according 
to the software specification and all internal components have been adequately exercised 
(Pressman 2005). In contrast, in black-box-testing, the tester does not know the source code 
and only inputs and outputs are visible. This form of testing covers not only functional as-
pects; it may also cover non-functional aspects such as performance, reliability, and security 
of a software. Thus, the main concern is the production of the correct output given specific 
inputs (Roggio et al. 2014). In this vein, there is also often the distinction between functional 
testing and non-functional testing. 

The last pair of terms often used in software testing is verification testing and validation test-
ing. Again, these terms are not mutually exclusive to black-box or white-box-testing and are 
used depending on the stakeholder. 

Verification testing is the evaluation of products in a given development activity to determine 
both correctness and consistency with respect to the products and standards provided as input 
to that specific activity. To sum up, verification ensures that “you have built the software 
right”. In contrast, validation testing (also referred to as acceptance testing) ensures that the 
application as provided will fulfil its intended use. Thus, validation testing ensures that “you 
built the right software” (Stutzke 2005). 

Last, thus not part of the “traditional” testing terminology, there are several forms of testing 
that are concerned with neither verification or validation testing nor functional/non-functional 
testing. These testing methods examine the usability or quality of experience (QoE) of a soft-
ware; respectively the entire service provided by an application. Usability testing is defined 
as “the extent to which a product can be used by specified users to achieve specified goals 
with effectiveness, efficiency, and satisfaction in a specified context of use” (ISO 9241-11 
1998). Subsequently, usability testing is a software test with the goal of improving it (Dumas 
and Redish 1999). Quality of experience refers to the “degree of delight or annoyance of the 
user of an application or service. It results from the fulfilment of his or her expectations with 
respect to the utility and/or enjoyment of the application or service in the light of the users’ 
personality and current state” (Brunnström et al. 2013). Quality of experience testing refers 
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to four levels that are the context, the user, the system, and the content level (Hoßfeld et al. 
2014). 

For this paper, I use the following classification of testing practices: 

(1) Functional (black-box-testing) and verification testing: All testing activities (on every 
software level) that are concerned with functionality and the verification that the software 
is “built the right way” 

(2) Non-functional testing (e.g., performance testing or vulnerability testing): All testing ac-
tivities referring to the verification and validation of non-functional aspects, such as reli-
ability, performance, security, etc. 

(3) Validation and acceptance testing: All testing activities conducted by potential end users 
(or similar groups) to ensure that the “right software” is built. 

(4) Usability testing: All testing activities concerned with the testing of the effectiveness, ef-
ficiency, and satisfaction in a specified context of use. 

(5) Quality of experience testing: All testing activities that examine the overall experience 
with the software product (i.e., context, user, system, and content level). 

7.2.2 Crowdsourced Software Testing (CST) 

Crowdsourced software testing (CST) or crowdtesting is a specific application of crowdsourc-
ing in the domain of software development. It refers to the outsourcing of software testing 
activities to the crowd. It grants access to a diverse pool of people who voluntarily test soft-
ware in real environments using their own devices (Leicht et al. 2016c). Depending on the 
type of testing (e.g., functional testing, usability testing), these tasks as well as the targeted 
crowds can be very diverse (Stol and Fitzgerald 2014). Usually, crowds are engaged via an 
episodic or collaborative IT structure (Prpic and Shukla 2016). However, CST incorporates 
parts of both. While testers usually participate in a “competition”-like bug hunt, the result of 
a crowdtest – a list of bugs – is a collaborative effort of the entire crowd. Further, testers have 
an elaborated online profile to display their skills and experience. Thus, they act as crowd 
workers in a virtual labor market (VLM) (Durward et al. 2016). In this vein, CST can be 
considered as both tournament crowdsourcing and a VLM (Prpić et al. 2015). 

CST can be applied in a number of different types of testing, but research, so far, usually 
applied CST in dynamic testing scenarios where a written code is executed and examined by 
the crowd. Further, the crowd is usually concerned with output given by specific inputs since 
they do not know or see the source code.  
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To a certain degree, these characteristics match to the definition of beta testing, as well. Beta 
testing is defined as “operational testing by potential and/or existing users/customers…to de-
termine whether or not a component or system satisfies the user/customer needs and fits 
within the business processes. Beta testing is often employed as a form of external acceptance 
testing for commercial off-the-shelf software in order to acquire feedback from the market”. 

Thus, CST and beta testing both use external resources to test software under real-world con-
ditions. Subsequently, the terms are sometimes used interchangeable; however, there are four 
substantial differences between CST and traditional beta testing: 

(1) CST has an increased scope compared to beta testing: With CST, it is possible to acquire 
testers without addressing the general public and let the crowd evaluate software mock-
ups or designs, perform regression testing, perform even non-functional testing such as 
performance testing, and conduct verification and quality assurance tests right before the 
release. In contrast, beta testing usually functions as the final quality gate before software 
release. 

(2) CST is task-based: Whereas beta testing usually has a strong explorative focus (“Use the 
software and report bugs”), crowdsourced software testing tasks are much more specific. 
Testers are asked to go on a user journey and test certain use cases or even conduct tradi-
tional test cases. 

(3) CST users are trained and have an incentive to report bugs: In beta testing, testers usually 
do not receive a reward. In CST, testers frequently receive monetary rewards (often on a 
per bug basis). Sometimes, the payment is on a first-come, first-served basis, so that testers 
have a strong incentive to be fast and to train themselves to properly report bugs. 

(4) CST has tester-task matching: In beta testing, the call for participation is rather open. With 
CST, companies are able to select testers from a large pool of individuals based on a va-
riety of factors and characteristics (e.g., testing skills, language, devices, age, gender, etc.). 
Thus, the selection provides an efficient way to match tasks and testers, thereby ensuring 
that only suitable people test the software. (Leicht et al. 2017) 

7.3 Methodology 

The literature review is an essential approach to conceptualize research areas and synthesize 
prior research (Webster and Watson 2002). Thus, there are very different approaches and 
goals to conduct a literature review ranging from purely qualitative (narrative literature re-
view) to a meta-analysis where the goal is to provide support for a research topic by synthe-
sizing and analysing the quantitative results of numerous empirical studies (King and He 
2005). 
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The objective of this paper is to portray the landscape of CST as an emerging research area 
and provide a comprehensive overview over the work researchers have done so far. Further, 
the paper provides a classification into existing testing types on the one hand, while also 
providing insights regarding the research foci of the current body of literature on the other 
hand. Given the infancy of this research area, it is not the goal to examine any variables, 
correlations, or theories. Therefore, a descriptive review approach is the most suited for the 
current state of research in this area. A descriptive literature review focuses on revealing re-
producible and quantifiable results. It offers quantification concerning publication time, re-
search methodology, and research outcomes (King and He 2005). While this descriptive ap-
proach is more of a traditional narrative literature review regarding its purpose, I follow a 
protocol-based approach to conduct the review. Thus, I explicitly describe the steps and pro-
cesses for searching, selecting, and validating studies and summarizing results – characteris-
tics of a systematic literature review (Boell and Cecez-Kecmanovic 2015). 

The literature on CST is at the interface between information systems research, software en-
gineering, and computer science. Since the topic is relatively new, it is unlikely that there are 
many publications in top journals in the respective fields already. Hence, I started by search-
ing literature in the major databases for these research streams: IEEE Xplore, ACM digital 
library, the electronic library of the AIS (AISeL), and EBSCO Host Business Source Premier 
(BSP). I searched in each of these databases using the search strings “crowd*” AND “soft-
ware*”, “crowd*" AND "testing”, “crowd” AND “usability”, as well as “crowd” AND “user 
experience”. I looked for the strings in a paper’s title, keywords, and abstracts. Since the 
keyword search was very broad and various databases have different formats, adaptations to 
the specific search strings were made. Overall, the search revealed more than 2.000 hits in the 
respective databases. The search was conducted in March 2017. 

In a screening and selection step, I examined the papers regarding their titles and abstracts 
based on three inclusion criteria. These criteria included a research focus on crowdsourcing, 
software testing or a related field (i.e., usability testing, user experience/quality of experience 
testing), a not purely descriptive purpose of the paper, as well as full-text online availability 
of the paper in one of the mentioned databases. Thirty papers matched these criteria. Back-
ward and forward searches were performed to identify more relevant literature (Webster and 
Watson 2002). I applied the same inclusion criteria and quality standards. Five papers were 
identified through forward and backward search. 
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7.4 Findings  

7.4.1 Descriptive Findings 

The literature review identified 35 relevant papers that had been published in 2016 or earlier. 
Figure 9 depicts the number of publications per year. It indicates that CST research is a rather 
new research field. There are very few publications before 2012. The field of research gained 
track in 2013. Since then, the number of publications stays at about the same level. 

 
Figure 9: Number of Publications per Year 

It is worth remarking that the papers were mainly presented at conferences (27 out of 35). 
Only six papers have been published in peer-reviewed journals (cf. Figure 10). Further, only 
three contributions came from the field of information systems research. With 15 contribu-
tions, conferences affiliated to or organized by the Association for Computer Machinery 
(ACM) contribute the highest number of papers in the analysis. Eight publications are from 
the Institute of Electrical and Electronics Engineers (IEEE) conferences and two publications 
from joint IEEE/ACM conferences. To conclude, there is a tendency that research so far is 
mostly conducted in the field of software engineering and computer science. 

 
Figure 10: Number of Publications per Outlet 
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Given the fact that CST research is carried out mostly in computer science and software en-
gineering, it is no surprise that different forms of experiments or the development of proto-
types for a particular application purpose dominate the research methodologies used in liter-
ature. Experiments account for more than 50% (18 out of 35) of the applied research methods 
in the papers. Many experiments were conducted in the field using micro task platforms such 
as Amazon Mechanical Turk (e.g., Taylor et al. (2016)) or other platforms (e.g., Ko and 
Chilana (2010), Leicht et al. (2016d)) to confirm hypotheses. However, laboratory experi-
ments are also amongst the research methods chosen (e.g., Gordon (2014), Tung and Tseng 
(2013)). Next to experiments, the development and evaluation of prototypes for different CST 
scenarios and purposes was applied in five papers (e.g., Yan et al. (2014), Zhang et al. (2016)). 
Only five papers (e.g., Leicht et al. (2016c), Zogaj et al. (2014) conducted case studies related 
to CST in a real-world context. Last, certain aspects of CST were also examined with other 
research methods such as action research (Leicht et al. 2016a), focus group interviews 
(Sherief et al. 2014), and quantitative survey research (Guaiani and Muccini 2015). Figure 11 
provides an overview over the research methods used in the identified papers. 

 
Figure 11: Research Methodology of Publications 

7.4.2 Application of Crowdsourced Software Testing 

The major research goal of this paper was to provide a comprehensive overview and classifi-
cation of CST research in existing types of testing. Hence, the paper uses the definition of 
testing derived in section two including the classification of testing types. Then the identified 
literature according to the type of testing that was conducted or investigated in the study were 
grouped. However, there were papers investigating CST from a rather conceptual perspective, 
thus, they were not classified. Besides, a paper can be in more than one category if it investi-
gates multiple test types. Figure 12 depicts the percentages of papers classified per testing 
type. 
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Figure 12: Classification per Testing Type 

While there tends to be the perception (especially in the industry) that CST is solely used for 
usability and acceptance testing (end-user testing), research shows that this statement is not 
true, at least for research publications. Validation and usability testing account only for about 
45% of the testing types applied in the identified papers. Hence, there is a lot of research 
conducted in other areas of testing, for instance functional testing (20%).  

It is also noteworthy that crowdsourced software testing can be applied for the testing of non-
functional software aspects such as vulnerability, privacy, or performance. Last, quality of 
experience testing is also an established field of research that discovered crowdsourcing 
mechanisms as an interesting approach to conduct studies compared to the traditional labora-
tory setting. Table 10 depicts the references identified per type of testing. 

Table 10: CST Research Classification 

Type of Testing Articles 

Functional and Verification 
Testing 

Chen and Luo (2014), Dolstra et al. (2013), Feng et al. (2015), Gómez et al. 
(2016), He et al. (2015), Mäntylä and Itkonen (2013), Wang et al. (2016) 

Non-Functional Testing 
Chen & Luo (2014), Feng et al. (2015), Taylor et al. (2016) (performance), Su 
and Pan (2016) (vulnerability), Amini et al. (2012) (privacy) 

Validation and Ac-
ceptance Testing 

Gordon (2014), Leicht et al. (2016c, 2016d), Tung and Tseng (2013),  

Usability Testing/ User Ex-
perience 

Gordon (2014), Sherief et al. (2014), Bruun and Stage (2015), (2012), 
Gomide et al. (2014), He et al. (2014), Nebeling et al. (2013), Schneider and 
Cheung (2013), Vliegendhart et al. (2012) 

Quality of Experience 
Hoßfeld et al. (2014), Gardlo et al. (2014), Hoßfeld and Redi (2015), Mok et 
al. (2015), Seufert et al. (2016), Xu et al. (2013) 
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Research in functional and verification testing demonstrated that even complex testing tasks 
such as the verification of cross-browser issues (He et al. 2015) or the reproduction of context-
sensitive app crashes (Gómez et al. 2016) are possible to be tested with the crowd. In this 
vein, also non-functional testing such as performance testing (Taylor et al. 2016) is possible. 
Other research deals with the base condition of the test itself. It was found that time constraints 
actually improve test performance (Mäntylä and Itkonen 2013) and that explorative testing is 
more effective in terms of bug detection than traditional test case-based testing (Afzal et al. 
2015). However, one issue identified relates to the number of test reports test managers re-
ceive when conducting CST (Leicht et al. 2017). Hence, researchers developed approaches to 
effectively prioritize (Feng et al. 2015) and classify (Wang et al. 2016) test reports and support  
automation techniques (Amini et al. 2012) to make CST more scalable. Although, this is par-
ticularly interesting for functional testing, it is transferable to all of the following types of 
crowdsourced testing. 

As for validation and acceptance testing, two in-depth case studies that compare CST to tra-
ditional in-house testing provide deep insights. The cases unveil that CST delivers comparable 
quality while being more flexible and CST provides other valuable insights such as a very 
good documentation and additional suggestions to improve the software (Leicht et al. 2016c). 
Other scholars looked at the task design and the expertise of the crowd testing the software. 
First results indicate that it is not always necessary to have “experts” testing the software, 
especially regarding validation and usability testing (Leicht et al. 2016d). 

Usability testing is somewhat the natural habitat for CST. Research in this area has shown 
that usability testing with a crowd is feasible, produces reliable and high quality results 
(Leicht et al. 2016c; Schneider and Cheung 2013), is cost efficient (Gomide et al. 2014; 
Schneider and Cheung 2013), and can help reduce critical usability testing obstacles such as 
resource constraints, limited understanding of the usability concept, and resistance to the 
adoption of usability practices (Bruun and Stage 2015). In addition to that, scholars have de-
veloped several workflows and corresponding tools to use crowdsourced usability testing 
(Gordon 2014; He et al. 2014; Nebeling et al. 2013), including machine learning approaches 
to group similar responses and filter meaningless submissions to reduce workload for test 
managers  (Rhyn and Blohm 2017). 

For quality of experience testing the concept of crowdsourcing is a relatively new phenome-
non. Thus, scholars predominantly focused on feasibility and best practices for crowdsourced 
quality of experience testing (Hoßfeld et al. 2014) to provide recommendations to conduct 
such tests (Hoßfeld and Redi 2015). Overall, the studies suggest that crowdsourcing is a reli-
able alternative to traditional QoE approaches. There are also first attempts to provide in-
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depth knowledge regarding conditions, such as test conditions (Seufert et al. 2016) and the 
provision of an evaluation framework (Xu et al. 2013). 

7.5 Discussion and Future Research 

The research of crowdsourced software testing is at an early stage. This is not just reflected 
by the publication dates and the fact that most papers have been published at conferences. In 
fact, research is dominated by experimentation and the application for different scenarios und 
purposes, rather than attempting to conceptualize the topic. This experimentation, however, 
presents positive results for all described testing types. The main take away is that at least on 
an experimental and rather specific level, CST seems to be a promising solution – in terms of 
feasibility or quality and cost effectiveness. Thus, the results clearly substantiate the fact that 
“crowdsourced software testing is not beta testing”. However, the lack of application in “real-
world” scenarios becomes apparent; only six papers examined CST in a real-world setting. 
Accordingly, to gain more relevance and explore the topic further, qualitative case studies 
and a conceptualization in a real-world organizational context are necessary. First studies at-
tempted to conduct case studies within a real-world context and under real-world conditions 
including corresponding restrictions and constraints (Gardlo et al. 2014; Gomide et al. 2014; 
Leicht et al. 2016c). 

Overall, the focus of the reviewed papers is of rather technical nature. Accordingly, I at-
tempted to identify existing research foci. Thus, I detected four overarching topics within the 
papers’ research (cf. Table 11).  

Table 11: Summary of Research Foci 

Research Focus Description 

Application 
+ Application in different scenarios provides in-depth knowledge 
- Limited generalization and conceptualization of the topic 

Performance  
Factors 

+ identification of important performance factors (e.g., crowd composi-
tion (Leicht et al. 2016d), process guidance (Tung and Tseng 2013)) 
- No comprehensive overview or conceptualization 

Prototypes 
+ Optimization/improvement of process steps and workflows 
- Underlying design principles are not unveiled 

Evaluation 
+ increase comparability to other test approaches 
- lack of robustness of results (only few studies) 

Primarily, the majority of the papers (1) applied CST in different scenarios. Those papers are 
valuable contributions. By providing in-depth descriptions and an analysis of the results, they 
contribute to knowledge, for instance by providing best practices (Hoßfeld and Redi 2015) 
and demonstrate that CST, in fact, is applicable and feasible. However, the studies have of-
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tentimes been conducted in specific contexts and only provide limited generalization and con-
ceptualization of the topic. Thus, avenues for future research are to provide conceptualization 
and real-world context, especially for organizations that intend to use CST. 

So far, little is known regarding the (2) factors influencing the performance of crowdsourced 
software testing. Scholars made great strides and this literature review identified various pa-
pers investigating potentially important factors in the process, such as crowd composition 
(Leicht et al. 2016d), guidance throughout the process (Tung and Tseng 2013), as well as time 
constraints (Mäntylä and Itkonen 2013). However, there is no comprehensive overview or 
conceptualization regarding factors influencing the performance of CST.  

Most papers are published in IEEE or ACM affiliated conferences, hence it is not of surprise 
that many of the papers (3) develop prototypes (e.g., (Su and Pan 2016), (Yan et al. 2014)) or 
attempt to optimize parts of the crowdsourcing process with algorithms (e.g., test report pri-
oritization (Wang et al. 2016)) to increase the feasibility and cost efficiency of CST. However, 
these solutions are practical examples and the underlying design principles remain unknown. 
Scholars should attempt to identify the underlying process steps and design principles to pro-
vide a conceptualization of the process as well as design guidelines.  

While there are first attempts to (4) evaluate CST and compare it to traditional testing ap-
proaches such as in-house testing with test experts (Leicht et al. 2016c) that identified favour-
able scenarios for the application of CST, there is a clear need to extend the evaluation. Much 
more work is needed to achieve a certain robustness of results and thus be able to compare 
crowdsourced software testing with testing by test experts, traditional lab usability testing, 
outsourced testing, or even test automation. 

7.6 Contribution 

This paper investigates the use of crowdsourced software testing by conducting a literature 
review and thereby delivering two main contributions. First, the main objective of a descrip-
tive literature review is the description of the existing state-of-the art. Hence, the paper pro-
vides a comprehensive overview of the fields of application in CST so far, clustered by the 
type of testing applied in the respective paper. While there is often the perception that CST is 
only applicable in end-user testing scenarios, the literature review revealed that this is not 
entirely true. There are many examples of other papers demonstrating that CST is, in fact, 
applicable even for complex testing tasks such as the functional testing of cross-browser is-
sues (Ko and Chilana 2010) or even delicate testing such as vulnerability testing (Su and Pan 
2016). This in-depth knowledge and synthesis contributes to the growing body of literature 
of crowdsourcing for software engineering. This paper might serve as an example to conduct 
literature reviews in other areas of software engineering in a similar fashion to create 
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knowledge from a bottom-up research approach across related disciplines as a first step to 
develop a theory or systematization of crowdsourcing in this particular area. 

Second, by developing the classification and clustering the research papers in the according 
testing types, the paper synthesizes the research of crowdsourcing in software testing and 
traditional software testing research and practices. This will help scholars of both research 
fields to gain better understanding of the phenomenon of crowdsourcing on the one hand, and 
conduct research with CST to better position their research in the domain of software testing 
on the other hand. 

On top of that, the literature review identified manifold papers that have effectively shown 
that very complex tasks, such as non-functional testing or quality of experience testing can 
effectively be crowdsourced. While the area of crowdsourcing simple tasks is well explored, 
there is still a lot of research necessary to understand crowdsourcing of complex tasks. 

For practitioners, this literature review illustrates the areas in which crowdsourced software 
testing has successfully been applied and gives an indication to when CST might be a feasible 
sourcing mechanism compared to other testing techniques such as traditional manual testing 
or test automation. 

7.7 Limitations 

As with every literature review, this review faces some limitations. These are the restricted 
scope of the literature review, the selection of the included papers, and the extraction of the 
contained information. Naturally, there is always a trade-of between completeness and prac-
ticality in a literature review (vom Brocke et al. 2015). 

 Certainly, the choice of databases is one limitation. However, since the topic is at the inter-
face between software engineering and information systems, the review did cover the most 
relevant databases. Second, the selection of the included literature is influenced by interpre-
tation. That means the selection has not been standardized. However, I based the selection on 
objective criteria. Last, since the review process included the selection of the found papers 
only based on their title, keywords, and abstracts, the information were limited. Similar to the 
selection of databases, objectivity of the findings might be challenged by the extraction of the 
included information. To achieve robust results, the established categories for the data extrac-
tion and the results were discussed with other researchers from the respective fields. 

7.8 Conclusion 

In this paper, I examined the state-of-the-art in crowdsourced software testing research and 
presented a comprehensive overview of research in that area. While research in crowdsourced 
software testing made great strides in recent years, it is mostly unstructured and not linked to 
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traditional software testing practice and terminology. On top of that, results are not integrated 
and often without a real-world context that could effectively determine the applicability in an 
organizational context. By conducting a literature review, this paper delivered two major con-
tributions. First, the paper provides a comprehensive overview and synthetization of findings 
in CST-research and presents a classification into software testing types. Second, the paper 
synthesizes the research of scholars from crowdsourcing research in software testing and tra-
ditional software testing practices and thereby helps scholars to better explain and position 
their research. 
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8 WHEN IS CROWDSOURCING ADVANTAGEOUS? 

Reference:   

Leicht, N., Knop, N., Blohm, I., Müller-Bloch, C., and Leimeister, J. M. 2016. "When Is 
Crowdsourcing Advantageous? The Case of Crowdsourced Software Testing", in: 
European Conference on Information Systems (ECIS 2016). Istanbul, Turkey. 

Abstract 

Crowdsourcing describes a novel mode of value creation in which organizations broadcast 
tasks that have been previously performed in-house to a large magnitude of Internet users that 
perform these tasks. Although the concept has gained maturity and has proven to be an alter-
native way of problem solving, an organizational cost-benefit perspective has largely been 
neglected by existing research. More specifically, it remains unclear when crowdsourcing is 
advantageous in comparison to alternative governance structures such as in-house production. 
Drawing on crowdsourcing literature and transaction action cost theory, we present two case 
studies from the domain of crowdsourced software testing. We systematically analyse two 
organizations that applied crowdtesting to test a mobile application. As both organizations 
tested the application via crowdtesting and their traditional in-house testing, we are able to 
relate the effectiveness of crowdtesting and the associated costs to the effectiveness and costs 
of in-house testing. We find that crowdtesting is comparable in terms of testing quality and 
costs, but provides large advantages in terms of speed, heterogeneity of testers and user feed-
back as added value. We contribute to the crowdsourcing literature by providing first empir-
ical evidence about the instances in which crowdsourcing is an advantageous way of problem 
solving. 

Keywords: Crowdsourcing, Software Testing, Case Study 
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8.1 Introduction 

New information technologies in connection with the advent of Web 2.0 have contributed to 
the rise of new sourcing approaches. As costs of mass communication decrease, companies 
are increasingly beginning to interact with large numbers of external sources (Zogaj et al. 
2014). Companies can now tap into the resources of the masses (Vukovic 2009) by taking a 
task or a function „once performed by employees and outsourcing it to an undefined […] 
network of people in the form of an open call“ (Howe 2006a). This type of sourcing is called 
‘crowdsourcing’. Crowdsourcing has become a popular sourcing form, and an approach to 
effectively solve business problems (Brabham 2008). Furthermore, crowdsourcing may cre-
ate value for the firm that uses crowdsourcing by turning distant search into local search 
(Afuah and Tucci 2012; Blohm et al. 2013). Hence, firms confronted with business problems 
need to decide whether to turn to the new option of crowdsourcing or to use proven govern-
ance structures such as in-house production (Afuah and Tucci 2012). While firms would like 
to choose the most advantageous option for solving a given type of problem, it is not clear 
when crowdsourcing is more advantageous compared to other governance structures (Afuah 
and Tucci 2013; Bernstein et al. 2012; Zhao and Zhu 2014). 

To address this gap, we introduce a conceptual model that illustrates the relative advantage 
of crowdsourcing as a governance structure. We devise this contribution by merging research 
on the mechanisms of how crowdsourcing creates value (Afuah and Tucci 2012) with the 
concept of transaction cost economics (TCE). Thus, we can construct a palpable conceptual-
ization of the relative advantage of crowdsourcing. We argue that the conceptualization of the 
relative advantage of crowdsourcing is inextricably linked to the effectiveness of crowdsourc-
ing and to the costs associated with crowdsourcing. While there is extant research on the 
effectiveness and costs of crowdsourcing (Schenk and Guittard 2009; Stol and Fitzgerald 
2014; Zaidan and Callison-Burch 2011), TCE provide a complementary lens for our purpose, 
as transaction costs such as costs for monitoring, coordinating, and controlling occur as a 
component of crowdsourcing value creation processes (Williamson 1979). In addition, build-
ing on TCE augments the theoretical grounding of the conceptual model, thus enhancing the 
validity of the model. For our second contribution, we present two case studies of 
crowdsourced software testing to illustrate the conceptual model. Both case organizations 
tested the application via crowdtesting and their traditional in-house testing approaches. Thus, 
we are able to relate the effectiveness of crowdtesting and the associated costs to the effec-
tiveness and costs of in-house testing, ultimately leading to instances in which crowdsourced 
software testing is advantageous compared to in-house production. 

For scholars, our paper contributes to the knowledge base, as the conceptual model explores 
the mechanisms of the relative advantage of crowdsourcing. Closing this breach is a crucial 
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step towards explaining when firms should use crowdsourcing as a governance structure, in-
stead of employing internal or outsourced problem solving. Furthermore, our paper illustrates 
the relative advantage of crowdsourcing in the domain of software testing. Hence, we illus-
trate the specific factors that influence how companies profit from using crowdsourced soft-
ware testing. In doing so, we shed light on the instances in which crowdtesting is an advanta-
geous mode of value creation and in which it is not. For practitioners, our paper contributes 
knowledge regarding when crowdsourcing should be used or not. 

The remainder of this paper is organized as follows. In section two, we present the theoretical 
background of our conceptual model. In the subsequent section, we summarize the method-
ology employed in this study. Afterwards, we present our case studies. Following that, we 
discuss and elaborate our findings. Finally, we provide theoretical as well as practical impli-
cations of our research. 

8.2 Relative Advantage of Crowdsourcing 

In this paper, we intend to combine crowdsourcing research and TCE in order to develop a 
conceptualization of the relative advantage of crowdsourcing from a crowdsourcer’s perspec-
tive. Overcoming problems such as functional fixedness or local knowledge searches, 
crowdsourcing may provide more effective problem solutions than other governance struc-
tures (Afuah and Tucci 2012; Bonabeau 2009; Leimeister 2010; Malone et al. 2010). How-
ever, to conceptualize the relative advantage of crowdsourced problem solutions, we need to 
consider not only the effectiveness of the crowdsourced problem solution, but also its costs. 
We posit that the relative advantage of crowdsourcing is inextricably linked to the effective-
ness and costs associated with crowdsourcing (cf. Table 12).  

According to TCE, costs associated with the sourcing of a problem can be subdivided into 
direct and extra costs (Williamson 1981). For crowdsourcing, direct costs are the remunera-
tion of the crowdsourcees and  the payment of the intermediary (Carmel and Nicholson 2005). 
Extra costs occur while managing the crowdsourcing process. Hence, the effectiveness of 
these problem solutions has to be related to these potential fees for the crowdsourcing inter-
mediary as well as potential transaction costs that may occur for managing crowdsourcing 
and integrating these problem solutions. The term “relative” implies that something is com-
pared and set in relation to something else. Consequently, for our case, the effectiveness of 
crowdsourcing has to be put in relation to the effectiveness of the in-house problem solution, 
which is the same for the relative costs of crowdsourcing. 
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Table 12: Definition of Key Concepts 

Concept Definition 
Relative effectiveness of 
crowdsourcing 

Effectiveness of crowdsourcing / effectiveness of alter-
native problem solution 

Effectiveness of crowdsourcing Capability of crowdsourcing to produce desired results 

Relative costs of crowdsourcing Costs of crowdsourcing / costs of alternative problem 
solution 

Direct costs of crowdsourcing Expenses incurred due to contractual obligations  

Extra costs of crowdsourcing Expenses incurred due to managing crowdsourcing  

In the next three sections, we will elaborate on the extant literature on the relative effective-
ness of crowdsourcing and relative costs of crowdsourcing. Furthermore, we also include and 
elaborate on literature of the effectiveness and costs of crowdsourced software testing in order 
to ensure the case studies are grounded in literature. 

8.2.1 Relative Effectiveness of Crowdsourcing 

We identified three main categories that have an impact on the effectiveness of crowdsourc-
ing, i.e., quality, risk, and time that can contribute to the effectiveness of the crowdsourced 
problem solution. Regarding quality, crowdsourcing can benefit from network effects, as a 
growing number of contributors adds to the reputation of the problem-solving realm, attract-
ing even more contributors who provide better solutions and increase heterogeneity (Schenk 
and Guittard 2011). Thus, problem solvers of highly different backgrounds and knowledge 
can be engaged. By contrast, outsourcing organizations can actively choose to whom a certain 
task is allocated. For the context of software testing, Bonabeau (2009) recommends assessing 
the quality of solutions by examining the number as well as the quality and scope of issues 
that were not expected to be uncovered during the testing. Broad participation means that a 
deep pool of talented workers self-select the problems they solve to match their skills and 
expertise, hence creating high-quality solutions (Stol and Fitzgerald 2014). Furthermore, the 
crowdsourcees may create a variety of potentially valuable solutions. This variety should be 
taken into account when assessing the quality of crowdsourcing (Estellés-Arolas and 
González-Ladrón-de-Guevara 2012; Fähling et al. 2011). In a similar vein, Poetz and Schreier 
(2012) and Lakhani et al. (2013) found that problem solutions generated by the crowd may 
outperform the quality of solutions that have been generated by other governance structures.  

Regarding risk, firms reduce the dependence on single providers, as tasks are not outsourced 
to a single provider (Schenk and Guittard 2009). In comparison to crowdsourcing, outsourc-
ing always poses the imminent risk of excessive dependence on the provider (Gonzalez et al. 
2005). Moreover, outsourcing resembles an a priori supplier selection process, whereas 
crowdsourcing rather reflects an ex post selection of problem solutions (Afuah and Tucci 
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2012; Kleemann et al. 2008). Another aspect that reduces the risk for the crowdsourcer is the 
nature of an open call. Since many solutions for the respective problem are being provided in 
this context, the risk of not receiving satisfactory input can be deemed relatively limited 
(Schenk and Guittard 2009). 

Regarding time, Stol and Fitzgerald (2014) found that software development projects tapping 
the resources of the crowd are characterized by a faster time-to-market. Crowdsourcing allows 
access to a large crowd of software developers, capable of performing this complex task 
across time zones as well as working simultaneously on decomposed tasks, and often willing 
to work on weekends as well. For software testing, Mäntylä and Itkonen (2013) found that 
time-pressured crowds may deliver superior performance, as time-pressured individuals yield 
better bug detection than non-time-pressured. For usability testing in specific, Liu et al. (2012) 
found that crowdsourced testing can be conducted faster than lab testing. 

8.2.2 Relative Costs of Crowdsourcing 

In general, one advantage of crowdsourcing for the crowdsourcer are low costs that arise for 
payments to the crowdsourcing intermediary for managing the process and thus include the 
remunerations of the crowdsourcees. For instance, Zaidan and Callison-Burch (2011) found 
that non-professional translators were able to provide translations of high quality that were 
significantly cheaper than those by professional translators. Stol and Fitzgerald (2014) also 
found that using crowdsourcing reduces costs for using software developers, especially as 
extra cost overheads often incurred in hiring software developers can be avoided. For usability 
software testing, Liu et al. (2012) also found low cost to be an advantage compared to lab 
usability testing. Despite the generally rather minor costs, the remunerations crowdsourcees 
receive vary significantly. While some crowdsourcees work voluntarily, remunerations go 
from micro-payments to multi-million dollar payments (Byko 2004). Often, non-profession-
als consider crowdsourcing as a source of additional income, and remunerations are rather 
low. Nevertheless, there are some crowdsourcing schemes that rely on non-financial incen-
tives (Lerner and Tirole 2002; von Hippel and von Krogh 2003).  

While being a significant cost factor, direct costs are not the only costs associated with 
crowdsourcing. In addition to direct costs, extra costs also occur. There is already some extant 
research on extra costs in the crowdsourcing context. Extra costs are all costs beyond the 
actual payments to the crowdsourcing intermediary and the crowdsourcees (Carmel and 
Nicholson 2005). These extra costs incur as the crowdsourcer manages the crowdsourcing 
project, and can offset the cost savings from lower direct costs of crowdsourcing in compari-
son to other governance structures (Dibbern et al. 2008). According to Dibbern et al. (2008), 
there are several types of extra costs that arise in crowdsourcing context: search costs, contract 
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negotiation costs, specification costs, knowledge transfer costs, coordination costs, and con-
trol costs. Specification cost is defined as all costs associated with the process of defining 
what is needed as a result from the crowd or the intermediary and includes the design of the 
tasks being broadcasted to crowd. Ill-defined tasks may lead to contributions that do not add 
value and increase relative costs of crowdsourcing (Schenk and Guittard 2011). The im-
portance of decomposing and preparing problems to support the work of the crowdsourcees 
also holds for the case of crowdsourced software testing (Chen and Luo 2014). The 
knowledge transfer cost is related to transmitting knowledge from one party to the other ena-
bling it to execute as intended (Ko et al. 2005). When problem solvers are few, such as it is 
the case with in-house or outsourced problem-solving, feedback loops facilitate the alignment 
of task and problem solution. However, this is usually not possible when using crowdsourcing 
for problem solving (Schenk and Guittard 2011). Interaction with crowdsourcees can also be 
difficult in the case of crowdsourced software testing. The coordination cost reflect the cost 
associated with integrating and combining the resources of the project owner and the crowd 
so the desired objectives can be achieved (Van de Ven et al. 1976). Finally, the control cost 
cover the cost related to measures taken by the project owner ensuring the crowd executes the 
tasks as planned (Sabherwal and King 1995). Crowdsourcees tend to have uneven abilities. 
Hence, the results submitted by them should be inspected to assess their effectiveness (Liu et 
al. 2012). 

8.3 Research Setting: Crowdsourced Software Testing 

Crowdsourced software testing or crowdtesting is a specific application of crowdsourcing in 
the domain of software development (Zogaj et al. 2014). It refers to the outsourcing of soft-
ware testing activities to the crowd, i.e., crowdsourcees. As with other crowdsourcing appli-
cations, companies, i.e. the crowdsourcer, can either directly interact with the crowd or they 
can use intermediaries who provide this service for a fee (Chanal and Caron-Fasan 2010). 
These intermediaries act as brokers who connect the organizations that want to apply 
crowdsourcing with potential crowdsourcees and manage the crowdsourcing process (Leicht 
et al. 2015; Zogaj et al. 2014). Depending on the type of testing (e.g., functional testing, usa-
bility testing, security testing), these tasks as well as the targeted crowds can be very diverse 
(Stol and Fitzgerald 2014).  

In order to gain access to a crowd with the required skills, both case companies used the 
services of the same crowdtesting intermediary. The intermediary is one of the biggest 
crowdtesting intermediaries in Europe. Founded in 2011, the company has grown signifi-
cantly since then and now counts about 100.000 registered users respectively testers on their 
platform. The company offers crowdsourced functional as well as usability testing for basi-
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cally all types of software but is specialized in web and native mobile applications. The inter-
mediary uses a self-developed platform for the intermediation process and offers a variety of 
services as well as a project manager who provides full support throughout an entire project.  

To elaborate on the relative effectiveness of crowdsourcing and its cost and benefits it is cru-
cial to have an object of comparison. Since our unit of analysis is a single testing project it 
was necessary that the project was replicated and also conducted by the in-house testing unit. 
Thus, the crowdsourcees received a build version which was also tested in-house. This redun-
dant approach allows to compare test results and to ultimately gain important insights regard-
ing the effectiveness and relative advantage of crowdsourced software testing.  

The motivation for choosing crowdsourced software testing for our case studies is threefold. 
First, software testing is increasingly conducted externally. As firms are accustomed to having 
software testing performed externally, the shift to using crowdsourcing becomes less com-
plex. Thus, we can focus our analysis on the characteristics of using crowdsourcing, excluding 
the general effects of shifting towards using external problem-solving from our analysis. Sec-
ond, software testing may act as a microcosm for crowdsourcing insofar that it requires 
crowdsourcees to adapt to different degrees of task complexity and different forms of 
crowdsourcee expertise. Thus, this might enhance the generalizability of our results. Third, 
and most important, there is a grounded truth regarding the quality of work, as it is possible 
to measure the amount and quality of bugs uncovered during the testing (Bonabeau 2009). 

8.4 Methodology  

8.4.1 Case Study Research 

A case study design is useful when the phenomenon under scrutiny has not yet received ap-
propriate attention in the extant literature, and existing knowledge with regard to the issue is 
vague and ambiguous (Eisenhardt and Graebner 2007). As this is the case regarding the topic 
of the relative advantage of crowdsourcing, we believe a case study is a suitable approach for 
investigating the research problem. We conducted instrumental case studies, since the com-
panies were selected to gain deeper knowledge about crowdtesting and its value determinants 
in organizations (Yin 2013). For qualitative studies the sample size depends on the judgment 
of the researcher (Pare 2004; Yin 2013). We decided to conduct two case studies in order to 
collect sufficient data and to increase the generalizability of our results on an analytical level 
since two cases offer the possibility to cover different frame conditions for software testing 
in companies. First, the industry and thereby varying importance and know-how of corporate 
IT can be covered. Accompanied to that, the department size and the corresponding govern-
ance structures and mechanism vary largely and may influence the effectiveness of 
crowdsourced software testing. Another very important difference we wanted to cover with 
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two cases is the software development paradigm, i.e., traditional waterfall model versus agile 
development. 

The selected cases represent common cases which illustrate and represent the circumstances 
and conditions of everyday business situations. To ensure comparability, the cases were se-
lected based on the following criteria: (1) The crowdsourcing companies have comparable 
experience with crowdsourcing, especially in software testing. (2) The test object for which 
crowdtesting has been applied is a mobile application for costumers. These types of applica-
tions represent a very common case since almost every company has a consumer application 
or similar. (3) The application to be tested is tested in-house until now and testing is not 
sourced out. (4) The application is tested redundant in-house to ensure comparability of re-
sults for both crowd- and in-house production. While the concept of relative advantage can 
be examined from different levels of analysis (Lepak et al. 2007), we focus on the test of the 
software as unit of analysis, as the case studies comprise a single project of crowdsourced 
software testing in each case. 

8.4.2 Data Collection 

For data collection, case studies typically feature multiple methods and data sources 
(Meredith 1998). Data sources for this study include semi-structured, in-depth interviews, 
project documentation such as meeting minutes and monthly status updates, as well as plat-
form data including real-time access to bug reports and raw data submitted by the 
crowdsourcees. For our interviews, we created a roughly structured guideline with questions 
regarding topics such as project cost drivers and quality of crowdsourcee work. Interviews 
were conducted before and after the tests to elucidate expectations, as well as after the project 
finished, in order to review the course of the project. Overall, we conducted twelve interviews, 
six for each case with duration of about 30-60 minutes per interview. Interviews were con-
ducted between February and July 2015. In addition, we conducted two workshops with the 
companies´ test managers to validate bugs and to define according severity levels. The dura-
tion of the workshops was about 90-120 minutes. All interviews were recorded and subse-
quently transcribed. In addition, detailed notes were taken during the interviews. Table 13 
depicts the data sources used in both case studies. 
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Table 13: Data Sources 

(1) Pre-Interviews 
Interviewee(s) Content/Subject 

Group interview (Case A:1; Case 
B:1) (all interviewees together) 

• Determination of project requirements (time, cost, qual-
ity) 

• Determination of specific testing specifications 

Project manager (Case A:1; Case 
B:1) • Inquiry of expectations of quality 

• Inquiry of perceived project progression Test manager(s) (Case A: 2; Case 
B:1) 

(2) Post-Interviews 
Group interview (Case A:1; Case 
B:1) (all interviewees together) • Inquiry of perceived crowdsourced software testing pro-

ject success and satisfaction with progress, quality, and 
results 

• Comparison with in-house testing 

Project manager (Case A: 1; Case 
B:0) 

Test manager(s) (Case A: 1; Case 
B:1) 

(3) Project Documentation  • Meeting minutes; Reports provided by intermediary 

(4) Platform Data  • Crowdsourcee reports and bug reports; observation of 
crowdtests  

For data analysis, we conducted a content analysis using category-based coding (Miles and 
Huberman 1994). However, we also considered extant theory and used the data to refine and 
advance existing knowledge (Auerbach and Silverstein 2003), thus enhancing confidence in 
our findings (Dubé and Paré 2003). 

8.5 Case Studies 

In this section, we will elaborate on our case studies and its findings to employ them to iden-
tify advantageous instances. By focusing on the case of crowdsourced software testing, we 
uncover the main determinants of the relative advantage of crowdsourced software testing.  

8.5.1 Case A: The Case of the Swiss Bank 

For our first case, we chose a Swiss bank with a large centralized test department. The scope 
of the testing project was the testing of the mobile banking application provided by the bank 
for its customers. To overall project followed the traditional waterfall approach. To gain better 
insights regarding the reliability of results, the project was divided in two testing iterations: 
Focus of the first iteration was the functional testing of the public areas in the app, i.e., all 
parts where users do not need log in. Since the company was also interested in user feedback, 
a combined usability/functional test was conducted two weeks after the first test run had been 
executed. The overall time frame from project initiation – i.e., kick-off meeting between the 
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bank and the intermediary – to project closure comprised eight weeks. The test execution 
time, i.e., the length of the actual crowdtest, in both iterations was three days. The bank de-
cided to make use of the managed service as an overarching goal was to determine whether 
crowdsourced software testing is able to reduce load peaks during the release cycles. The 
managed service includes support throughout the whole process by the intermediary, from 
test preparation through the testing phase to the evaluation of the submitted bugs. 

For the first test iteration, 26 crowdsourcees (81% German, 19% Swiss; 69% male) with 21 
device/operating system (OS) combinations, e.g., iPhone6 with iOS 9.0, Samsung Galaxy S4 
with Android 4.4.2, conducted the test. For the second test, 30 crowdsourcees (60% German, 
40% Swiss; 77% male) tested with 29 different device/OS combinations. This diversity al-
lowed the bank to conduct a multitude of compatibility tests which they could have not per-
formed in-house due to the limited variety of devices they keep in stock. Most of the 
crowdsources had a professional testing background (55%), whereas 24% were leisure time 
testers and 21% crowdsources had basic testing experience. Furthermore, the bank specified 
that a certain amount of the testers should be customers in order to receive valuable usability 
feedback in the second iteration by real end users. This heterogeneity among the 
crowdsourcees was perceived as great asset, especially in regards of the coverage of devices 
to test the compatibility of the app and the unbiased view of the crowdsourcees compared to 
in-house testers. 

“Heterogeneity of the crowd is very important for me. They not only perform the same activ-
ities on the same devices over and over again like our in-house testers. They really are a 
heterogeneous group that is able to find defects which would have never come to our minds 
otherwise.” (Swiss bank test manager 1) 

In the first test iteration a total of 55 bugs were found. The intermediary filtered non-repro-
ducible or poor documented bugs and reported 39 bugs to the bank. The test managers finally 
accepted 31 out of these 39 bugs for further consideration. In the next step, all non-functional 
bugs were cut, which left a total of 10 functional bugs. Out of these 10 bugs, one bug was 
excluded due to low severity. Four bugs were also reported by in-house testers. Ultimately, 
the crowdsourcees found five functional bugs that in-house testers did not find compared to 
four bugs by in-house testing that the crowdsourcees did not detect. These results indicate 
that the crowdsourcees performed as well as the in-house testing team in terms of test quality. 
This assumption is also supported by qualitative data. 

“We were happy with the work of the crowdsourcees. I was quite surprised by the quality of 
their work. What some testers found was impressive.” (Swiss bank test manager 2)  

An important aspect in quality is the reliability of the testing performance and the correspond-
ing results. To examine the reliability of crowdsourced software testing, the bank decided to 
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design the second test cycle as a regression test to validate that the modified software has no 
new errors and ensure that modifications were correct (Graves et al. 2001). Subsequently, the 
bugs found in the first test cycle were fixed and a new build was delivered and tested. The 
crowd proved to be sufficiently reliable since the amount of bugs found in the second test 
iteration was significantly lower. Moreover, there were several bugs which were not fixed 
due to time pressure and low severity and were thus reported again in the second cycle. 

Further, the bank captured time-related benefits. The testing cycles were each conducted and 
evaluated in about one week. After a kick-off meeting between the intermediary and the bank 
to define the scope and crowd-related specifications such as socio-demographics, testing ex-
perience, and hardware configurations (device/OS combination), the intermediary invited the 
crowdsourcees based on those specifications. Just 24 hours later the testing phase started. The 
test duration was three days in which the 26 crowdsourcees tested the application one hour 
on average. Furthermore, the test was conducted over the weekend and most activity by the 
crowdsourcees occurred in the evening as most of them participated in addition to holding 
down a regular job. This short set-up time and the possibility to utilize the weekend as labor 
time allowed the bank to apply crowdsourced software testing on short notice, which was 
perceived as one of the greatest benefits in this project. 

“One thing amazed me in particular – it was the short time in which we were able to set up 
and execute the test. (…) It gave us a lot of flexibility and it is possible to apply it very quick 
if necessary.” (Swiss bank project manager) 

The main cost driver for crowdsourcing in this case is a fix sum the bank paid to the interme-
diary for its services. That fee included the remuneration of the crowdsourcees as well as 
consulting services, i.e., the development of the test cases (i.e., the tasks performed by the 
crowd), crowd support throughout the test, filtering bugs, and the preparation of a final bug 
report. The consulting services provided by the intermediary helped to reduce the extra costs 
in terms of time the bank employees had to spend on the crowdtest. Furthermore, we found 
that conducting the software tests in-house would require three to four working days, which 
would result in costs that are roughly equivalent to the costs incurred when using crowdsourc-
ing. Hence, we contend that direct costs of crowdsourced software testing may well be similar 
to the costs of conducting software tests in-house. 

However, there were still activities that had to be performed by the internal test manager, 
creating extra costs for the bank. The test manager reported that he spent about 1.2 days for 
the first test phase. There are three main cost drivers: First, coordination costs occurred, i.e., 
the preparation of the test, including the selection of crowd criteria (geographic and demo-
graphic characteristics as well as device/OS combinations) and definition of the test scope. 
Second, control costs occurred, i.e., evaluation and analysis of the bugs that were identified. 
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Third, knowledge transfer costs occurred, i.e., the translation of these bugs into requests for 
the developers. Nevertheless, we found that by the second test cycle, the test manager was 
able to significantly reduce the time by almost 40% due to the fact that many configurations 
stayed the same. Furthermore, training curve effects emerged during the process. This shows 
that one approach to increase the effectiveness of crowdsourcing is repetition. Repetition fa-
cilitates the reduction of the amount of extra costs for crowdsourcing. 

8.5.2 Case B: The Case of the Swiss Industrial Enterprise 

The second case was conducted with a large Swiss industrial enterprise with a rather small 
test department. The software development process is agile and testing takes part after every 
sprint. The company chose the service of the same crowdtesting intermediary as in the previ-
ous case. The scope of the project was the testing of the company’s public application, where 
customers can get information about the products of the company and even order spare parts. 
The application is usually used by plumbers or retail experts with special knowledge of the 
spare parts. The setting did focus only on functional testing and was not interested in usability 
feedback in the first instance. The crowdsourced software test was supposed to include 20 
testers, who tested the app in twelve different country versions. The overall time frame from 
the project was comparable with the first case, about eight weeks. The test execution time was 
three days starting Friday evening. 

The company chose a setting which led to a highly diverse crowd. That was perceived as a 
valuable asset. In total, 22 testers participated in the test, two more than expected. 19 testers 
covered 10 different countries; three additional testers did not specify where they tested. The 
specification of the company regarding countries and devices were mostly fulfilled. In addi-
tion to that the testers covered a broad range of device/operating system configurations. In 
total, 22 combinations were covered, which was perceived as an asset. Therefore the company 
could conduct a broad compatibility test, which was not possible in-house and was perceived 
as an advantage from crowdsourced software testing compared to traditional in-house testing. 
Furthermore, the test was conducted by laymen. The test should demonstrate that an applica-
tion which is usually used by experts can be tested by novices and still produces satisfactory 
results. 

Most of the bugs were found in the first 36 hours after the test has started. In total, 49 bugs 
were submitted by the crowd, 19 of them were accepted by the company. Six of the 19 ac-
cepted bugs were fixed, seven bugs were already known internally and the last seven bugs 
were not further considered due to low severity. On one hand the crowdsourcees found 6 
bugs, the internal testing did not find. On the other hand the internal testing found 5 bugs the 
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crowdtester did not detect.  These results indicate that quality-wise, the crowdsourcees per-
formed as well as the in-house testing team. The test manger rated both results quality wise 
as comparable. 

Thirty bugs were not accepted due to their usability nature, them being duplicates or intended 
behavior of the application, i.e., user reported perceived malfunctions of the app that are 
within their specification. However, a few usability bugs were accepted by the company even 
though they were out of scope, because these usability bugs had a high severity and could not 
be ignored. 

“We knew the usability bug before, but for us it was a bug with a medium severity, at most. 
So we thought about changing it. When we saw that more than half of the crowd testers sub-
mitted that very same usability bug, even though it was out of scope, we knew it was really 
problematic. We changed the severity and will fix it.” (Swiss industrial enterprise test man-
ager) 

Finally, six new tickets were the result of the crowd test. The test manager perceived the bugs 
of the crowd comparable to the internal testing in terms of quality and quantity in tickets. 
Further, the case study revealed that the company captured time-related benefits. The test 
itself took three days. The major part of the test was on the weekend. Hence, the company 
could work shortly after the weekend with the result and perceived an additional gain of two 
working days over the weekend.  

“The bugs that we will fix internally were almost all found by the crowd; therefore it is not 
identical but comparable. So the overall quality is pretty good” (Swiss industrial enterprise 
test manager). 

In regards to the costs of the testing project, the company found that internal and external 
testing through the crowd had almost the same costs. Regarding the crowd test only, the direct 
costs, i.e., direct payment to the intermediary, and extra costs were equally high. The company 
ordered a so called “Self Service”. That means, the intermediary supplied the platform and 
supported the company until the test but there was no support regarding verification of bugs. 
The intermediary set up the test, provided the testers and started the test. During the test and 
afterwards the company used the platform and managed the crowd, as the results inde-
pendently. The company revised all bugs itself and communicated directly with the crowd 
during and after the test. Due to the self-service the direct costs them-self were 30% lower 
compared to costs for the in-house testers. 

However, there were still activities that had to be performed by the internal test manager, 
creating extra costs for the company. The test manager reported that he spent about two days 
for the crowd test. The comparison of the extra costs in terms of preparation and the post 
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processing, such as communicating with the crowd etc., of the crowd test and the internal 
costs for executing a test process by the test manager showed that the crowdsourced software 
test was 50% more expensive. There are three main cost drivers of the crowd test: First, co-
ordination costs occurred, i.e., the preparation of the test, including the selection of crowd 
criteria (geographic and demographic characteristics as well as device/OS combinations) and 
definition of the test scope. Second, control costs occurred, i.e., evaluation and analysis of the 
bugs that were identified. Third, knowledge transfer costs occurred, i.e., the translation of 
these bugs into requests for the developers. Especially the control costs were significantly 
higher than internally. In particular, the evaluation of the bugs by the test manager was much 
more extensive than with an internal test. The amount of bugs submitted by the crowd was 
higher than by internal testers. All 49 bugs had to be reviewed, understood and reproduced. 
Internally fewer bugs were submitted with a higher acceptance rate, leading to lower control 
costs. 

“The next time I will use the Full Managed Service, and then I have less work. But overall I 
am satisfied; we covered almost all countries and devices” (Swiss industrial enterprise test 
manager) 

8.5.3 Cross-Case Analysis 

The two case studies found common ground in the results. In the following, we will shed light 
on these factors, which also determine the relative advantage of crowdsourced software test-
ing. We compare how the three main factors of the relative advantage of crowdsourcing, i.e., 
the effectiveness of crowdsourcing, direct costs, and extra costs, manifest themselves in both 
the cases. First, the factor time or speed was perceived as advantage in both cases. The tests 
were set up fast and executed in only three days. During the test the crowdsourcees submitted 
most of their bugs in the first 36 hours of each test. Furthermore, it was possible to access the 
bugs in real time, allowing the test manager to synchronize activities. In both of our cases the 
tests were conducted over the weekend, and the results were evaluated the beginning of the 
following week. This gave the bank and the industrial company two perceived additional work 
days.  

Second, the quality of the accepted bugs of the crowdsourced tests were rated equal compared 
to the quality of the replicated internal tests in both cases. In addition to that, the crowd sub-
mitted usability bugs and suggestions, even though the crowd was not supposed to do so. 
Nevertheless, in both cases the submission of usability bugs was valued as an advantage, due 
to the fact that these usability bugs were useful by directing the focus of the companies on 
problems they had not perceived as important or not existent, indicating a certain operational 
blindness. The amount of bugs submitted by the crowd were similar in both cases, as well as 
the amount of new bugs rated by the companies (cf. Figure 13). 
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Figure 13: Bug Selection and Verification 

Third, the heterogeneity of crowdtesting was experienced as an asset in both cases. The com-
panies could define their specifications of their tests individually according to the require-
ments of the tests, such as devices, demography of the testers or countries. These specifica-
tions were mostly met by the crowd. Finally, the total costs of the crowd tests were compara-
ble to similar in-house tests. Yet, the balance between direct costs and extra costs weighs 
differently between the two cases. The main reason for this is the service level chosen by the 
companies. The bank chose a full managed service and the industrial company selected a self-
service. The main difference lies in the service frame; the test with the self-service was sup-
ported by the intermediary until the test start. The intermediary helped setting up the test by 
organizing the right testers according to the specification of the company, providing them 
with the instructions and the application to be tested. After the organizational part of the test 
was completed, the intermediary let the industrial company take over at the start of the test, 
the operational part. The control costs, especially the evaluation of the bugs submitted was 
responsible for the increased part of the extra costs in the case of the industrial company. The 
bank ordered a managed service; therefore a first analysis of the bugs submitted by the crowd 
was conducted by the intermediary, reducing the control costs for the bank. This is the reason 
why in the Figure 13 the second number in Case B is not available. The intermediary did not 
support the industrial company by reviewing bugs as a first instance. In addition to that, the 
industrial company rejected much more bugs compared to the Case A due to a narrow out of 
scope definition. 
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8.6 Discussion 

The case studies and cross-case analysis unfold the main drivers and conditions for a relative 
advantage of crowdsourced software testing compared to in-house production and proved to 
be applicable in both software development paradigms. Given the circumstances that the costs 
for crowdsourcing are approximately equal to in-house production as the case in our two case 
studies, crowdsourcing can be advantageous under many conditions (cf. Table 14). 

First, the test object influences the relative advantage of crowdsourcing. The case companies 
tested public mobile applications for customers, thus these applications are subsequently not 
complex in its nature because they are built and designed for a specific, but public audience. 
Due to this fact, test managers are confronted with the almost impossible assignment to ensure 
the compatibility on all publicly available device/OS configurations while crowdsourcing can 
easily cope with that issue and produce relief in that matter. Also, through crowdsourced soft-
ware testing, companies can address specific target groups (customers of the bank in Case A; 
people from different countries for Case B) which further increases the relative advantage.  

Table 14: Instances for Relative Advantage of CST 

Instances in which crowdtesting is 
advantageous  

Instances in which in-house testing is 
advantageous 

Test object is for a broad/public user group 
and for multiple platforms/devices 

Test object is very specific and/or rather small 
test scope 

Specific target group of testers  (e.g. spe-
cific demographics) 

Testers require functional expert knowledge  

Usability feedback welcomed  Specific tests, i.e. security or vulnerability test-
ing or special hardware required 

Time pressure  Low maturity of application 

Lack of internal test resources  High security standards of application (authenti-
cation) 

Standardized testing (i.e. regression testing)  

Our cross-case analysis further revealed time-related benefits. Crowdsourced software testing 
can be ramped up very quickly and becomes more effective if the testing unit has to deal with 
time or resource constraints, i.e. crowdsourcing can be used to reduce internal load peaks 
through mobilizing workforce on weekends and evenings. Hence, test managers usually have 
real-time access to submitted bugs and thus can synchronize the process of testing and bug 
verification and validation. Accordingly, we posit the relative advantage of crowdsourced 
software testing increases under time and resource constraints. Moreover, companies apply-
ing crowdtesting can benefit from valuable usability feedback, which might not be regarded 
as severe or not recognized due to organizational blindness. 
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However, crowdsourced software might not always be advantageous. This is especially the 
case when the testers require a lot functional (not testing) expert knowledge to test the appli-
cation or to conduct very specific testing tasks such as security testing. The case of the Swiss 
bank revealed that there are also a lot of data security issues and concerns. In general, one can 
say as a rule of thumb: The higher the security standards (i.e. two-factor authentication with 
special hardware for a banking app), the less advantageous crowdsourcing becomes. 
Crowdsourcing costs, especially extra costs can become a relative disadvantage in small de-
partments where internal communication between test manager and testers is easy and fast. 

8.7  Implications 

8.7.1 Theoretical Contributions 

We make two important contributions to the crowdsourcing literature. First, the conceptual-
ization explores the mechanisms of the relative advantage of crowdsourcing. Closing this 
breach is a crucial step towards explaining when firms should use crowdsourcing as a gov-
ernance structure, instead of employing internal or outsourced problem solving. Furthermore, 
we believe that this model can be used as a basis to explore the concrete mechanisms of how 
crowdsourcing creates value for all crowdsourcing task types, not only for the specific case 
of crowdsourced software testing.  

Second, this paper illustrates the relative advantage of crowdsourcing in the domain of soft-
ware testing. Hence, we illustrate the specific factors that influence how crowdsourcers profit 
from using crowdtesting. In doing so, we shed light to the instances in which crowdtesting is 
an advantageous mode of value creation and in which it is not. Our empirical analysis reveals 
that the benefits of crowdsourcing for companies rather evolve via an increased effectiveness 
of solving the problems at hand than via relative cost benefits. In this vein, occurring extra-
costs do offset invoked direct costs that make crowdsourcing frequently appear as cheap al-
ternative. These results are particularly true for companies that start engaging in crowdsourc-
ing. However, our results also imply that crowdsourcers may quickly capitalize on learning 
effects such that cost benefits may also incur in the long run. In doing so, we follow the call 
of various researchers  (e.g.,Afuah and Tucci 2012; Zhao and Zhu 2014) in order to explore 
the value of crowdsourcing. We argue that this is an important step towards conceptualizing 
the relative advantage of using crowdsourcing instead of other governance structures in the 
case of crowdsourced software testing. 
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8.7.2 Practical Implications 

For practitioners, our paper contributes knowledge regarding when crowdsourcing should be 
used or not. Our results reveal the factors that determine whether or not crowdsourcing is 
more effective than in-house production. More specifically, our study is relevant for practi-
tioners who are interested in crowdsourced software testing. By specifying effectiveness as 
well as direct and extra costs, we provide an overview of the factors test managers need to 
consider when assessing crowdsourcing as a governance structure. Hence, our results can help 
them assess whether crowdsourcing represents a superior sourcing approach in their specific 
case. 

8.7.3 Limitations and Future Research 

Our paper is not without shortcomings. This study operationalizes the factors that determine 
the relative advantage of crowdsourcing software testing tasks. This is a specific type of 
crowdsourcing that may come in many different notions. Literature illustrates that effective-
ness and costs of crowdsourcing largely depend on the type of crowdsourcing task and its 
modularizability (Afuah and Tucci 2012; Schenk and Guittard 2011). Although we do not see 
any reason why our results should not generalize to other types of crowdsourcing, future re-
search should address similar studies in other domains of crowdsourcing in order to increase 
generalizability of our results (Eisenhardt 1989). Second, our study has to deal with limita-
tions of qualitative research, although our study design, was supposed to produce generaliza-
ble results due to employing two comparable case study design and rigorous analysis of the 
obtained data. However, quantitative approaches such as survey research could further in-
crease generalizability of our results. Third, our results indicated that crowdsourcer quickly 
capitalized on learning effects that we could not sufficiently cover in the frame of our re-
search. However, how the effectiveness and associated costs of crowdsourcing evolve over 
time has not yet addressed by existing research. Thus, we need more longitudinal research 
about how evolving “crowdsourcing capabilities” do change the relative advantage of 
crowdsourcing over time. 

8.8 Conclusion 

In this paper, we present two case studies from the domain of crowdsourced software testing. 
Drawing on crowdsourcing literature and transaction action cost theory, we systematically 
analyse two organizations that applied crowdtesting to unveil the instances of the relative 
advantage of crowdsourcing compared to in-house production. We find that crowdtesting is 
comparable in terms of testing quality and costs, but provides large advantages in terms of 
speed, heterogeneity of testers and user feedback as benefit. 
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9 LEVERAGING THE POWER OF THE CROWD FOR 
SOFTWARE TESTING 

Reference: 

Leicht, N., Blohm, I. and Leimeister, J. M. (2017), "Leveraging the Power of the Crowd for 
Software Testing", in: IEEE Software, Vol. 34 No. 2, pp. 62 - 69. 

Abstract 

The rapid development of new IT-enabled business models, a fast-growing hardware market, 
and that market’s segmentation are making software testing more complex. So, manual testing 
is becoming less applicable - economically and practicably. One approach to overcome these 
issues is crowdtesting—using crowdsourcing to perform testing. To profit from crowdtesting, 
companies can use three approaches: engage an external crowd of Internet users, engage their 
employees, or engage their customers. Three case studies illustrate these approaches’ differ-
ences, benefits, and challenges, and the potential solutions to those challenges. Researchers’ 
experiences with these approaches have led to guidelines that can help software development 
executives establish crowdtesting in their organizations. 

Keywords: Software Engineering, Software Testing, Crowdsourcing, Debugging, Testing 
Strategies, Distributed Testing, Crowdtesting, Software Development 
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9.1 Introduction 

Today, many IT departments face an increasingly dynamic environment, shorter product 
lifecycles, and cost pressure. The rapid development of new IT-enabled business models, a 
fast-growing hardware market, and that market’s segmentation - smartphones, tablets, wear-
able technologies, or the Internet of Things - are making software testing increasingly com-
plex. Given that increased complexity, traditional manual testing is becoming less applicable 
- both economically and practicably (Dolstra et al. 2013). 

Runkeeper, a company offering a fitness app used by more than 45 million runners, faced just 
such a situation. Because Runkeeper is a small organization with few personnel, ensuring 
compatibility across devices, proper localization, and functionality seemed almost impossi-
ble. (For example, the company had to take into account several generations of iPhones with 
various iOS versions; a plethora of Android phones with different hardware setups, screen 
sizes, and customized Android versions; and smart watches and other fitness equipment com-
municating with the app. Also, the app is available in more than 10 languages.) Functionality 
testing made things even more complicated: to test a running app, you need runners. They 
need to go for a run and ensure that the app works in different locations with varying condi-
tions such as signal strength (Applause 2016). 

Seeking help in this matter, Runkeeper used the services of Applause (www.applause.com). 
Applause had acquired a crowd of more than 200,000 skilled testing experts across the world. 
Out of this group, Runkeeper selected trained testers (on the basis of testing skill, language, 
device, and so on) who went for a run, put the app to the acid test on their own devices, and 
ultimately helped make Runkeeper one of the most popular fitness apps. 

Employing on-demand testers and testing, Runkeeper (together with Applause) used the prin-
ciple of crowdsourcing, which has become popular in software engineering (LaToza and van 
der Hoek 2016; Stol and Fitzgerald 2014). In crowdsourcing, groups of individuals follow a 
flexible open call and self-select to undertake tasks proposed by other individuals or organi-
zations (Blohm et al. 2013). In crowdsourced software testing, or crowdtesting, diverse pools 
of people test software in real environments using their own devices. 

For years, we researched both companies that adopted crowdtesting and intermediary compa-
nies that enabled crowdtesting. We determined that there are three valuable crowdtesting ap-
proaches: 

 Companies use an intermediary’s on-demand services to have an anonymous, external 
crowd perform testing (for example, for testing a public customer application), 

 Companies have a crowd of their own employees perform testing (for example, for testing 
an internal application), and 
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 Companies use a branded (proprietary) platform for testing by a crowd of their customers 
(for example, for testing and co-developing new features of an application). 

Here, we present case studies illustrating each approach and offer guidelines for establishing 
crowdtesting in companies. 

9.2 What is Crowdtesting? 

Crowdtesting is a dynamic testing scenario in which a crowd is concerned mostly with output 
from given specific inputs because they don’t know or see the source code. This form of black 
box testing covers both functional aspects and non-functional aspects such as performance, 
reliability, and security. Currently, crowdtesting usually involves verification testing and val-
idation (specifically, user acceptance) testing. Verification testing aims to eliminate defects 
that cause error states in the software (functional black box testing). In validation testing, the 
user runs a test to determine whether the system meets his or her needs (Stutzke 2005). An-
other important part of software testing deals with usability - “the extent to which a product 
can be used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use” (ISO 9241-11 1998) - which is also often part of 
user tests. Table 15 sums up crowdtesting application areas. 

Table 15: Crowdtesting Application Areas 

Testing type Crowd members Examples 
Functional and verifi-
cation 

Test experts and trained 
crowdtesters 

(Dolstra et al. 2013), (Leicht et al. 2016c), 
(Mäntylä and Itkonen 2013), (Chen and 
Luo 2014) 

Non-functional Test experts (Chen and Luo 2014) (performance test-
ing) 

Validation  (user ac-
ceptance) 

Users (Leicht et al. 2016c), (Amini et al. 2012), 
(Tung and Tseng 2013) 

Usability Users and the target audi-
ence 

(Hoßfeld et al. 2014), (Liu et al. 2012) 

9.3 Why Crowdtesting Isn’t Beta Testing 

The International Software Testing Qualifications Board defines beta testing as “operational 
testing by potential and/or existing users/customers … to determine whether or not a compo-
nent or system satisfies the user/customer needs and fits within the business processes. Beta 
testing is often employed as a form of external acceptance testing for commercial off-the-shelf 
software in order to acquire feedback from the market.”  

Accordingly, crowdtesting (in which a diverse pool of people test software in real environ-
ments using their own devices) and beta testing both use external resources to test software 
under real-world conditions. However, there are four substantial differences. 
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9.3.1 Increased Scope 

Crowdtesting’s strength is its applicability early during development. With crowdtesting, you 
can acquire testers without addressing the general public and can, for instance, evaluate soft-
ware mock-ups or designs, perform regression testing, perform even non-functional testing 
such as performance testing, and conduct verification and quality assurance tests right before 
the release. In contrast, beta testing functions as the final quality gate before software release. 

9.3.2 Task-Based Testing 

Whereas beta testing usually has a strong explorative focus (“Use the software and report 
bugs”), crowdtesting tasks are much more specific. Testers are asked to go on a user journey 
and test certain use cases or even conduct traditional test-case-based testing. Therefore, sub-
missions have less noise—that is, ill-advised or irrelevant feedback. 

9.3.3 Training and Incentives 

In beta testing, testers usually don’t receive a concrete reward. In crowdtesting, testers fre-
quently receive a monetary reward (often based on the number of bugs they catch). Some-
times, the payment is on a first-come, first-served basis, such that testers have a strong incen-
tive to be the first to report a bug. So, the individual tester is motivated to learn and improve 
his or her testing skills, which will also lead to faster, better feedback (Zogaj et al. 2014). 

9.3.4 Task and Tester Matching 

In beta testing, the call for participation is rather open. With crowdtesting, companies can 
select testers from a large pool of testers on the basis of a variety of factors and characteristics 
(for example, testing experience, language, and devices, but also age, gender, and so on). So, 
the selection provides an efficient way to match tasks to testers (who aren’t necessarily cus-
tomers or clients), ensuring that only suitable people test the software. 

9.4 The Case Studies 

In each study, we conducted interviews with company managers and testers (for details, see 
the Web Extra at extras.computer.org/extra/mso2017020062s1.pdf). Table 16 describes the 
case details; we changed the company names to ensure privacy. 
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Table 16: Details of the Three Case Studies 

Category Criteria Company 
Alpha Corp. Beta Enter-

prises 
Gamma Bank 

Company  
details 

Industry Industrial produc-
tion 

Insurance Banking 

Development para-
digm 

Agile Agile Waterfall 

No. of employees >10,000 3,000 1,500 
No. of employees in 
the testing depart-
ment 

<10 <100 <50 

Application 
details 

Application type Public mobile app Intranet Mobile-banking 
app 

Application maturity Medium Low High 
Release to be 
tested (minor or ma-
jor) 

Minor (only a few 
bug fixes) 

Major (completely 
new software) 

Minor (only a few 
bug fixes) 

Test details Test focus Functionality User experience 
and user ac-
ceptance 

User experience 
and functionality 

No. of test iterations 1 2 1 
Crowd members External test ex-

perts 
Employees Customers 

No. of crowdtesters 22 118 38 

9.4.1 Alpha Corp. - Using an External Crowd 

Alpha Corp. is a large industrial enterprise with subsidiaries worldwide. It mainly sells plumb-
ing hardware. Because the company performs relatively little software development and test-
ing, it occasionally experienced development situations exceeding its peak capacity owing to 
multiple software releases and staffing limitations. So, Alpha Corp. used crowdtesting for its 
public mobile app, from which customers can obtain information about Alpha Corp. products 
and order spare parts. The company focused only on functional testing. The main goal was to 
guarantee functionality in separate versions of the app for 12 countries, including eight lan-
guages. The testing occurred from Friday evening to Monday morning. So, the weekend could 
serve to take pressure off the testing department. 

A diverse crowd. The company selected a diverse crowd: 22 testers who covered all 12 coun-
tries and a range of device and OS combinations. Thus, the company could conduct a broad 
compatibility test reaching beyond its boundaries.  

Comparing in-house and crowdsourced results. The testers had no expertise in Alpha 
Corp.’s business and products. Because of the intermediary’s bug-hunt reward scheme, most 
bugs were submitted during the first 36 hours after the test started. To assess the testing qual-
ity, Alpha Corp. had its in-house testers test the app so that it could compare the results. The 
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crowd submitted 49 bugs; Alpha Corp. accepted 19 of them. Six of the 19 bugs were previ-
ously unknown to Alpha Corp. and eventually fixed. The company already knew about seven 
of the other 19, and the last six weren’t further considered owing to their low severity. The 
crowdtesters found six bugs that the in-house testing didn’t find. On the flip side, the in-house 
testing found five bugs that the crowd didn’t. However, these results indicate that even expert 
applications can be functionally tested by a crowd, which performed comparably to the in-
house testing team. 

Unexpected helpful feedback. Although Alpha Corp. hadn’t specifically asked or compen-
sated the crowdtesters for user experience feedback, almost half of them gave such feedback. 
This was of great additional value to the company, which reprioritized the development 
roadmap: 

“We knew [about] the usability issue before, but for us it had a medium severity, at most. 
When we saw that more than half of the crowdtesters submitted that very same usability issue, 
even though it was out of scope, we knew it was really problematic. The result is that we 
changed the severity and will fix it.” (test manager, Alpha Corp.) 

9.4.2 Beta Enterprises - Using Employees 

Beta Enterprises is an insurance company with more than 3,000 employees who all use a 
company-wide intranet. The company planned to replace the intranet with a customized stand-
ard software solution. It chose crowdtesting for user acceptance testing and as an additional 
quality gate before releasing the software. Because the test manager was interested in user 
feedback, the crowd comprised company employees. Through crowdtesting, the project team 
hoped to increase the new solution’s acceptance by integrating the users into the development 
process and giving them a voice to provide feedback and thus support IT change management. 
To coordinate and manage the crowdtesting, the company licensed an intermediary’s IT plat-
form as software as a service. 

Involving the employees. The project broadcasted a call for participation on its intranet’s 
news page. The call addressed mainly the intrinsic motivation for participating. The overall 
claim was, “Let’s team up and create a better intranet for all of us.” The response was impres-
sive - almost eight percent of the personnel registered to participate, even though the only 
incentives were three gift certificates for a dinner. On the basis of the participants’ functions 
and locations, they were split into groups for the different tests. 

Timely feedback and much work. The employees were enthusiastic about the testing but 
unfortunately weren’t always skilled in testing and using such an IT platform. So, they had 
many questions about these matters. To overcome those problems, Beta Enterprises created a 
simple, systematic guide for using the platform. More than two-thirds of the participants’ 
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reports were suggestions to enhance the site’s user experience. Overall, the test manager had 
to go through more than 200 reports, provide timely feedback to the testers, and decide what 
to do about the issues at hand. 

The test timing’s importance. Beta Enterprises conducted the crowdtests in two sprints. For 
the first sprint, the company created basic use cases (for example, “Edit and complete your 
profile” or “Use the search function to find a colleague”) to ensure that the employees tested 
all the parts of the software. In the second sprint, which was the last one before the planned 
release, the participants tested the intranet in an explorative manner (“Do what you would 
naturally do in your job”), just like in traditional beta testing. Unfortunately, the software 
wasn’t entirely ready for release. So, the employees reported a vast number of bugs. Hence, 
the timing of such crowdtests is crucial not only to reduce noisy submissions but also for 
another reason: 

“If you release the software too early, you get a lot of submissions, but more importantly it 
can damage your reputation because people are worried about the quality of the end product. 
However, if you release the software too late, you have only little chance to implement 
changes and bug fixes.” (test manager, Beta Enterprises) 

Identifying training needs. As we investigated the participants’ reports, it became evident that 
the new solution had some problems - multiple testers had reported several issues. Beta En-
terprises used these reports to identify training needs for the employees: 

“We noticed that people struggled with the profile section of the page. Because it is standard 
software, we are not able to change this, so we have to train people. Every employee got an 
accompanying document with the release.” (project manager, Beta Enterprises) 

9.4.3 Gamma Bank - Using Customers 

Gamma Bank is a retail bank that employs approximately 1,500 people. Because the bank is 
rather small, most of its software products, including its mobile-banking app, are standard 
commercial solutions. Gamma Bank is aware of its customer applications’ high importance. 
Customers expect them to be flawless and available 24/7 on any given device. This is notice-
ably causing more and more trouble for the testing department owing to the increasing de-
mand for compatibility testing. Furthermore, the management intends to push the company 
“closer to its customers,” resulting in customer-centered software and products. So, the bank 
set up a company-branded crowdtesting platform to build and manage a customer crowd. 

Overcoming test data and infrastructure issues. Legal regulations and security policies 
impose high burdens on banks’ testing departments. Gamma Bank employs a mature test in-
frastructure that copes with these requirements. However, its in-house testing relies partly on 
test data from customers (for example, real-world bank accounts), which the bank can’t make 
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available to the crowd. So, Gamma Bank asks customers to write test and experience reports 
after doing their usual banking business. The bank deploys the market ready app as a “pre-
production” version – customers log on with their real accounts and use the app naturally in 
the production environment. The test reports are then created on a crowdtesting platform 
that’s hosted on the premises. Because this approach ensures that the test data remains in the 
bank, Gamma Bank effectively has overcome the strict security requirements of the highly 
regulated banking sector.  

Obtaining real feedback. At first sight, this testing might look like traditional beta testing. 
However, Gamma Bank can now conduct different tests (design validation, functionality, and 
so on) with specific tasks (for example, use-case-based testing) with a highly specifiable and 
selectable customer crowd without having to address the public. Only the few selected testers 
will see the test object and related tasks. For the testing we report here, the crowdtesters cov-
ered almost twice as many device-and-OS combinations than Gamma Bank covers internally. 
Although the release version to be tested included only minor bug fixes, participants still 
reported a few bugs. However, the project team felt that the greatest benefit was that it ob-
tained customer feedback without exposing the app to the general public.  

Many possibilities for the platform. The positive experiences strengthened the bank’s 
course of action. Gamma Bank is expanding crowdtesting to other applications by developing 
an operational model for crowdtesting. A service centre for crowdtesting bundles competen-
cies and offers crowdtesting 

to other projects or departments in the company. Through this measure, Gamma Bank can 
generate economies of scale while keeping customers active with recurring or new tasks and 
offering them the chance to contribute their skills and opinions. 

9.4.4 Key Findings 

All three companies successfully used crowdtesting for front-end applications with a group 
of diverse users or a specific user group with many users. All the companies felt that the 
results were of high quality and effectively complemented in-house testing. In particular, we 
learned these lessons:  

 Crowdtesting with an external crowd can overcome testing departments’ capacity limits 
when the time pressure is great or resources are scarce. 

 Crowdtesting with employees helps companies conduct traditional user acceptance testing 
while letting employees actively participate in the change processes, fostering the new 
application’s acceptance. 
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 Crowdtesting with customers creates a new customer interaction channel. With this ap-
proach, companies can test software applications and systematically involve customers in 
user-centered design. 

Table 17 summarizes the key findings for each approach. 

Table 17: Crowdtesting Approaches and Main Findings 

Approach Main findings 
External crowdtesting Is especially suited for functional testing 

Can be set up quickly and is useful under high time pressure 

Helps overcome testing departments’ capacity limits 

Crowdtesting with 
employees 

Promotes high motivation and interest among employees 

Fosters acceptance of new applications as part of IT change manage-
ment 

Enables easy identification of training needs 

Crowdtesting with  
customers 

Obtains feedback from real customers without exposing the software 
to the general public 

Offers a new channel for interaction with customers 

Is especially suited for usability testing or user experience feedback 
combined with functional testing 

9.5 Getting Started with Crowdtesting 

On the basis of our experiences with different companies, intermediaries, and crowdtesting 
approaches, we now provide five guidelines for chief information officers and other organi-
zational leaders on how to implement crowdtesting. 

Define Software Quality More Broadly 

Expect crowdtesting to provide many benefits. Today, software quality is a matter of not only 
functionality but also the user experience. Crowdtesting can greatly increase software quality, 
but for companies to leverage its full potential, multiple stakeholders must work together. 
(For example, the testing department can work on functional issues, while the marketing or 
product management department can deal with the user experience.) 

Define Goals and Choose an Appropriate Approach 

Depending on the software and its maturity, companies can apply crowdtesting to target nu-
merous testing goals. Define a clear goal and pick one of the three crowdtesting approaches. 
For instance, for functional testing, crowdtesting serves as system integration testing or as 
final quality assurance testing before the release (similarly to beta testing). 
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Start a Small Pilot Project 

Initially, companies should conduct a pilot project within a smaller, noncritical project envi-
ronment to ensure that the involved stakeholders can focus on crowdtesting to gain as much 
experience as possible. Promote the topic to the project team so that the people involved are 
motivated and convinced of crowdtesting’s potential. Select the test object carefully. A 
smaller test object or test scope will prevent the pilot project from losing focus or getting 
caught up in other areas of conflict, respectively. Whenever possible, simultaneously test the 
application with both your current in-house testing approach and the crowd, which will let 
you draw meaningful comparisons. 

Scale Up Crowdtesting in the Organization 

The first step in scaling up crowdtesting is expanding the pilot application’s test scope. At 
this point, your testing team will already have experience with crowdtesting and can experi-
ment without high setup costs. Aim to develop a crowdtesting process for regular operations 
for a class of applications (for example, mobile apps). Furthermore, transfer the knowledge 
to other similar applications (for example, expand from a public mobile app to all public front-
end applications) to profit from the pilot project without large adjustments. 

Establish and Promote an Internal Service 

After your company has had experiences with crowdtesting, expand the crowdtesting’s scope 
to the entire company by establishing an internal crowdtesting service to fully exploit 
crowdtesting’s potential. This internal service should offer “crowdtesting as a service” to 
other project teams (for example, other testing projects) or departments (for example, mar-
keting, product management, or user experience design). By bundling knowledge and com-
petencies, project and test managers don’t have to build up crowdtesting expertise from 
scratch because the service centre can act as a consultant or operate in an executive role by 
managing the crowdtesting. 

9.6 Conclusion 

Crowdtesting offers several possibilities for coping with today’s software- testing challenges. 
Software quality is no longer determined by functional accuracy; user experience, localiza-
tion, and many other dimensions are becoming even more important. Crowdtesting effectively 
combines testing in these many dimensions to help create better software. It should be con-
sidered a new tool in the testing toolbox that goes way beyond traditional beta testing. 
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9.8 Appendix 

Case Studies and Data Collection for “Leveraging the Power of the Crowd for Software 
Testing” 

Our article “Leveraging the Power of the Crowd for Software Testing” presents three case 
studies of companies employing crowdtesting, in which a diverse group of people test soft-
ware in real environments (Leicht et al. 2017). We conducted instrumental case studies be-
cause we had selected the companies to gain deeper knowledge about crowdtesting and its 
value determinants in organizations (Yin 2013). Furthermore, these cases represent the cir-
cumstances and conditions of everyday business situations. 

Our research employed the principles of consortium research, which aims to develop solutions 
for a problem class within a collaborative environment (Österle and Otto 2010). It profits 
from the collaboration of researchers and partner companies who all share the same goal. 

We’ve been working with six companies for more than two years and have conducted more 
than 20 crowdtests in various scenarios with different intermediaries (for example, Applause). 
In workshops with the companies’ testing executives and the intermediaries’ founders and 
managers, as well as through crowdtesting itself, we noticed three basic scenarios: 

 crowdtesting with external crowdtesters, 

 crowdtesting with a company’s own employees, or 

 crowdtesting with a company’s customers. 

Each case study in our article covers one of these scenarios, to illustrate the different settings 
and outline how to profit from crowdtesting in these scenarios. The case studies involved 
these companies (whose names we’ve changed to protect privacy): 
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 Case A. Alpha Corp. (industrial production), 

 Case B. Beta Enterprises (insurance), and 

 Case C. Gamma Bank. 

Table 18 shows the data collection methods and data sources we used (Meredith 1998). We 
conducted the interviews between February 2015 and May 2016. They followed roughly 
structured guidelines with questions on topics such as crowdtesting requirements and goals, 
as well as the crowdtesting work’s quantity and quality. We conducted the interviews before 
and after the crowdtesting to elucidate the participants’ expectations and review the course of 
each crowdtesting project. Overall, we conducted 19 interviews, at least six for each case 
study, with each interview lasting approximately 30 to 60 minutes. We took detailed notes 
during the interviews, and we recorded and transcribed them. 

Table 18: Data Sources for the Three Case Studies 

Data source Interviewees Content or subject 
Initial interviews Group (1 in each 

case study) 
Determining the crowdtesting requirements and 
goals (time, cost, quality, crowd, and so on) 
Determining the testing specifications 

Project manager (1 in 
each case study) 

Determining a concrete time schedule for crowdtest-
ing 
Inquiring about the expectations of crowdtesting 
quality 
Inquiring about the perceived project progression 

Test managers (2 in 
case A, 1 in cases B 
& C) 
Executives (the head 
of software develop-
ment in case A, no 
one in case B, and 
the head of distribu-
tion channel e-bank-
ing in case C) 

Inquiring about of the strategic direction for the use 
of crowdtesting 
Inquiring about the crowdtesting’s long-term goals 

Final interviews Group (1 in cases A 
& B and none in case 
C) 

Inquiring about the perceived crowdtesting project 
success and satisfaction with the progress, quality, 
and results 
Comparing the results with in-house testing (for 
cases A and C) 
Evaluating the crowdtesters’ responses (especially 
for case B) 
Deducing the lessons learned and implications for 
the overall project and crowdtesting projects in gen-
eral 

Project manager (1 in 
case A and none in 
cases B & C) 
Test manager (1 in 
each case study) 

Project documen-
tation 

— Meeting minutes 
Reports provided by intermediaries 

Platform data — Crowdsource participant reports and bug reports 
Observation of crowdtests 

* Case A was Alpha Corp. (industrial production), case B was Beta Enterprises (insurance), and case C was Gamma Bank (names 
changed to ensure privacy). 
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In addition, we conducted workshops with the three companies’ test managers to validate 
bugs and define their severity and priority. The workshops lasted approximately 90 to 120 
minutes. 

For data analysis, we conducted content analysis using category-based coding (Miles et al. 
2013). Besides the interviews, we measured objective criteria—the time schedule and test 
results. For cases A and C, the crowdtesters received a build version that was also tested in-
house. Analysing the platform data (the crowdtester submissions) and the intermediaries’ re-
ports comparing that data to the test results provided by the in-house department let us draw 
meaningful conclusions regarding the reports’ quality. 
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10 HOW TO SYSTEMATICALLY CONDUCT CROWD-
SOURCED SOFTWARE TESTING? 

Reference: 

Leicht, N., Blohm, I. and Leimeister, J. M. (2016), "How to Systematically Conduct 
Crowdsourced Software Testing? Insights from an Action Research Project", in: Inter-
national Conference on Information Systems (ICIS 2016), Dublin, Ireland. 

Abstract 

Nowadays, traditional testing approaches become less feasible – both economically and prac-
ticably - for several reasons, such as an increasingly dynamic environment, shorter product 
lifecycles, cost pressure, as well as a fast growing and increasingly segmented hardware mar-
ket. With the surge towards new modes of value creation, crowdsourced software testing 
(CST) seems to be a promising solution to effectively solve these problems and was already 
applied in various software testing contexts. However, literature so far mostly neglected the 
perspective of an organization intending to crowdsource tasks. In this study, we present an 
ongoing action research project with a consortium of six companies and present a preliminary 
model for crowdsourced software testing in organizations. The model unfolds necessary ac-
tivities, process changes, and the accompanied roles for crowdsourced software testing to 
enable organizations to systematically conduct such initiatives and illustrates how test depart-
ments can use crowdsourcing as a new tool in their department. 

Keywords:  Crowdsourcing, Software Testing, Action Research, IS Development 
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10.1 Introduction 

Software testing is an integral part to ensure quality in software development. However, many 
IT departments face an increasingly dynamic environment, shorter product lifecycles and cost 
pressure. On top of that, the rapid development of new IT-enabled business models and a fast 
growing hardware market as well as its segmentation, that is, smartphones, tablets, wearable 
technologies or the “Internet of things”, lead to an increasing degree of complexity in software 
testing. Given the increased complexity, the domain of software testing is about to develop 
manifold approaches to overcome this issue. One approach is test automation, i.e., the auto-
mated execution of pre-scripted tests via software (Huizinga and Kolawa 2007). However, 
since automated testing is still not applicable in many settings (Rafi et al. 2012) and most 
tasks still require human intelligence to be performed, traditional approaches to software test-
ing are becoming less applicable – both economically and practicably (Bacon et al. 2009; 
Dolstra et al. 2013). With the surge toward collective undertaking of production processes in 
the context of new information and communication technologies (Boehm 2006; Tajedin and 
Nevo 2013), the concept of crowdsourcing – that is, the proposal of activities to a group of 
individuals who voluntarily undertake tasks based on a flexible open call (Blohm et al. 2013) 
– has gained track to effectively solve business problems (Brabham 2008; Jeppesen and 
Lakhani 2010) and recently found its application in software testing (LaToza and van der 
Hoek 2016). In crowdsourced software testing (CST) or crowdtesting, a diverse pool of peo-
ple test software in real environments using their own devices leveraging the “wisdom of the 
crowds” (Surowiecki 2005) or as Linus’ Law, one of the mantras of open source movement, 
states: “Given enough eyeballs, all bugs are shallow” (Raymond 1999). 

While the research on this topic is still in its inception, a number of studies have already 
examined some of the implications of CST. Existing literature predominantly describes 
crowdsourcing as a system with three components, the crowd, the intermediary, and the IT 
platform.  CST was applied for the testing of graphical user interfaces and mobile applications 
and was found to be both technically feasible and sufficiently reliable (Amini et al. 2012; 
Dolstra et al. 2013; Liu et al. 2012). Furthermore, Hossfeld et al. (2014) assess key issues in 
crowdsourced user experience testing and provide a collection of best practices to address the 
challenges in crowdtesting projects (Stol and Fitzgerald 2014). From a system’s perspective, 
Bacon et al. (2009) provide a comprehensive overview of the application of crowdsourcing 
in bug and vulnerability reporting. These studies deliver first insights that crowdsourcing can 
be a feasible option in software testing in different scenarios. Building on that, there are first 
attempts to identify specific scenarios in which CST might be a superior mode of creation 
compared to in-house testing (Leicht et al. 2016c). Moreover, there are first findings on how 
task design, expertise (Leicht et al. 2016d), and other factors such as process support and 
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guidance (Tung and Tseng 2013) or time constraints (Mäntylä and Itkonen 2013) positively 
influence the performance of the crowd. The crowd is usually reached through an intermedi-
ary who has three main challenges to tackle: managing the settlement process, managing the 
crowd, and managing the technology (Tajedin and Nevo 2013; Zogaj et al. 2014). 

Despite these merits, the perspective of an organization that seeks to crowdsource task has 
largely been neglected in crowdsourced software testing research, and is only examined on a 
conceptual level (Afuah and Tucci 2012; Estellés-Arolas and González-Ladrón-de-Guevara 
2012). Thus, we follow the call of various researchers (e.g., Leicht et al. 2015; Zhao and Zhu 
2014) and investigate crowdsourcing in software testing from an organization’s point of view. 
Accordingly, this paper aims to answer the following research question: How to use 
crowdsourcing and systematically conduct crowdsourced software testing initiatives? To an-
swer this question, we report an ongoing action research project with a consortium of six 
companies that desire to employ crowdsourced software testing to uncover the necessary ac-
tivities and tasks to be performed to leverage CST in their department. As a result, we present 
a preliminary model for mediated crowdsourcing. Mediated crowdsourcing is a popular form 
of crowdsourcing in the field of software testing where an intermediary connects organiza-
tions that want to apply crowdsourcing with potential crowdsourcees and manage the 
crowdsourcing process (Ipeirotis 2010; Zogaj et al. 2014). Our expected contribution is two-
fold. First, by investigating crowdsourcing from a seeker’s perspective we help to synthesize 
crowdsourcing literature that so far mostly neglected this perspective. Second, the developed 
process model structures the CST process and unfolds necessary activities as well as key lev-
ers in the context of software testing. Thus, we create deeper insights into the mechanisms of 
crowdsourcing in a software testing context. For practitioners, the paper illustrates how test 
departments can use CST and provides a model as a guideline with precise action taking in 
software testing projects for managers. 

The remainder of the paper proceeds as follows: First, section 2 outlines the conceptual back-
ground of our research and introduces crowdsourced software testing as an application of 
crowdsourcing in practice. Section 3 is dedicated to our research approach and the project 
setting of our action research project. Following that, we report the first research cycle. 
Fourth, we give an overview of the planned second cycle. Last, we discuss expected contri-
butions from our research as well as implications for practitioners, such as test managers and 
executives. 
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10.2 Related Work 

10.2.1 Crowdsourcing  

Crowdsourcing represents a new form of value creation and requires different activities and 
responsibilities compared to in-house approaches or outsourcing (Bernstein et al. 2012). Com-
pared to outsourced testing activities, crowdsourcing represents a fundamental shift and ex-
tends the frontiers of available skills or knowledge beyond the boundaries of organizations or 
suppliers (Geiger et al. 2012). With crowdsourcing, it is possible to mobilize the expertise 
and creativity distributed among a large panel of people in order to achieve a certain set of 
tasks (Schenk and Guittard 2011), and not just preselected testers from a supplier (Afuah and 
Tucci 2012). However, the roles and activities in crowdsourcing can also vary. Figure 14 
depicts the different models of crowdsourcing compared to traditional outsourcing. In tradi-
tional outsourcing, the principal negotiates the terms of the outsourcing degree, as well as the 
mode of outsourcing and the outsourcing company delivers the a priori specified services 
(Dibbern et al. 2004). In mediated crowdsourcing (II), an organization selects an intermediary 
who acts as a service provider. The intermediary mainly manages the crowdsourcing process 
including the identification and invitation of the crowdsourcees, the allocation of tasks, as 
well as the remuneration for the crowdsourcees via its IT-based platform (Blohm et al. 2016; 
Zogaj et al. 2014). The tasks are then processed by the crowdsourcees on the intermediary’s 
IT platform. The organization usually pays a fixed fee for the use of the service and interacts 
only directly with managers from the intermediary. Of course, an organization can choose to 
perform crowdsourcing without an intermediary in place (III). In this scenario, the organiza-
tion takes the responsibilities of the intermediary and has to perform various other tasks and 
governance mechanisms, such as the motivation and incentives of crowdsourcees, communi-
cation with crowdsourcees, and many other (see Zogaj et al. 2015 for details). 

 
Figure 14: Sourcing Forms (adapted from: Zogaj et al. 2014) 
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10.2.2 Crowdsourced Software Testing 

Crowdsourced software testing (CST) or crowdtesting is a specific application of crowdsourc-
ing in the domain of software development. It refers to the outsourcing of software testing 
activities to the crowd. It grants access to a diverse pool of people who voluntarily test soft-
ware in real environments using their own devices (Leicht et al. 2016c; Zogaj et al. 2014). 
We define software testing as a verification process for the assessment of software quality 
and a process for achieving that quality by supporting the interests of all stakeholders of an 
application, that is, end-users, developers, software designers, and software testers (Bertolino 
2007; Naik and Tripathy 2011). To achieve that goal, it becomes clear that different types of 
testing by various stakeholders at different times (during or subsequent to development) need 
to be done (Roggio et al. 2014). That means, that software testing in this sense is much more 
than just “the process of executing a program with the intent of finding errors” (Myers et al. 
2011, p. 6).  

CST can be applied in numerous types of testing, but research so far usually applied CST in 
dynamic testing scenarios where a written code is executed and examined by the crowd. Fur-
ther, the crowd is mostly concerned with output given specific inputs since they do not know 
or see the source code. This is referred to as black box testing (or “end-user testing”) where 
the software itself is seen as a black box and only inputs and outputs are visible for the tester. 
This form of testing not only covers functional aspects, it also covers non-functional aspects 
such as performance, reliability, and security of a software (Roggio et al. 2014). The most 
common type of testing where CST gained increasing popularity is verification, validation 
and acceptance testing. While verification testing aims to eliminate defects and faults that 
cause error states (functional black-box testing), in validation testing the end-user runs tests 
to determine if specific inputs result in specific outputs to ensure no failures are experienced 
(Stutzke 2005). Another important part of software testing is concerned with the usability of 
a software that is defined as “the extent to which a product can be used by specified users to 
achieve specified goals with effectiveness, efficiency and satisfaction in a specified context 
of use” (ISO 9241-11 1998). Subsequently, usability testing is the test of software with the 
goal of improving it (Dumas and Redish 1999). In this vein, beta testing can be considered as 
both validation and acceptance, as well as usability testing depending on its goal. Table 19 
gives an overview of the application of CST in different types of testing. 
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Table 19: Overview of Application of CST Research 

Type of Testing Authors 

Functional and Verification 
Testing 

Dolstra et al. (2013); Leicht et al. (2016c); Mäntylä and Itko-
nen (2013); Chen and Luo (2014) 

Non-Functional Testing Chen and Luo (2014) (performance testing) 

Validation and Acceptance 
Testing 

Amini et al. (2012); Leicht et al. (2016c); Tung and Tseng 
(2013);  

Usability Testing Hoßfeld et al. (2014); Liu et al. (2012) 

As with other crowdsourcing applications, companies, meaning the crowdsourcer, can either 
directly interact with the crowd or they can use intermediaries who provide this service for a 
fee (Chanal and Caron-Fasan 2010). These intermediaries act as brokers who connect the 
organizations that want to apply crowdsourcing with potential crowdsourcees and manage the 
crowdsourcing process (Ipeirotis 2010; Zogaj et al. 2014). Depending on the type of testing 
(e.g., (non-)functional testing, usability testing), these tasks as well as the targeted crowds can 
be very diverse (Stol and Fitzgerald 2014). 

10.3 Methodology 

10.3.1 Action Research 

In order to study crowdsourced software testing initiatives in an organizational context and to 
derive a process model, we applied action research. Action research is future oriented and 
does not strive for distanced and generalizable explanations or the prediction of coherences, 
but the joint understanding and learning by researchers and subjects as well as the changing 
of actual conditions based on a real problem (Baskerville and Myers 2004; Susman and 
Evered 1978). Thus, the essential purpose of action research is to address concerns to indi-
viduals or organizations with the broader purpose to contribute to the solution of this concern 
(Reason 2006). Action research combines the theoretical knowledge of the researchers with 
the subject’s practical and situated insights and has established as viable method in infor-
mation systems research in general (e.g., Kohler et al. 2011; Lindgren et al. 2004; Puhakainen 
and Siponen 2010) and also for implementing crowdsourcing mechanisms in organizations 
(Haas et al. 2015). It is especially suited when the researcher needs to become deeply involved 
with the subject’s problem and environment (Füller et al. 2011; Street and Meister 2004). To 
invoke the deep involvement, action research is a cyclic and multiphase process consisting of 
five iterative phases: (1) diagnosing, (2) action planning, (3) action taking, (4) evaluating and 
(5) specifying learning (Aguinis 1993; Baskerville and Wood-Harper 1996). However, be-
cause the researchers are directly involved in the project, action research is about choices. 
The quality of action research rests on the ability of the researchers to see the choices that are 
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made and understand the consequences, as well as to make the choices transparent and com-
municate them  to a wider public (Reason 2006). 

10.3.2 Project Setting 

The research project is built on the basic principles of consortium research (Österle and Otto 
2010). Consortium research aims to develop solutions for a problem class within a collabora-
tive environment. It profits from the collaboration and exchange of expertise from researchers 
as well as partner companies who all share the same goal. The process is iterative in its nature 
and thereby fits into the action research approach with two cycles. To identify how to profit 
from crowdsourced software testing, we started the initiative with six companies that moni-
tored CST for a while but had no experience with crowdsourcing so far and subsequently 
struggled to use this new form of software testing in their departments. These companies all 
believe that testing with the crowd can help them to improve on the overall testing perfor-
mance. To tackle this issue an interdisciplinary project team was composed consisting of re-
searchers specialized in crowdsourcing and several experts in software testing, that is, test 
managers, head of testing services, and testers from the involved companies. 

10.4 Research Cycles 

In order to explore the mechanisms of crowdsourced software testing and develop a system-
atic approach, we intend to conduct two action research cycles. For the first cycle, we chose 
to investigate mediated CST. The reason we chose this setting for our first cycle is twofold. 
First, this setting represents a very common scenario in crowdsourced software testing where 
an intermediary acts as a service provider and is managing the crowdsourcing process. Hence, 
the test manager of the organization is only communicating with the intermediary who man-
ages the crowd and the testing process. Second, since companies are accustomed to having 
software testing performed externally, the shift to using mediated crowdsourcing becomes 
less complex but at the same time unveils key insights on the differences between traditional 
sourcing and crowdsourcing. As for the second cycle, we intend to expand the model for 
crowdsourcing without mediation that is more complex in its nature because the organization 
has to perform several activities performed by the intermediary in the mediated CST ap-
proach. 

10.4.1 Action Research Cycle One 

Phase 1: Diagnosing 

With the intent of creating an approach to systematically conduct crowdsourced software test-
ing, we first investigated the existing testing processes and practices. We monitored the test-
ing process in the companies and reviewed documentation to gain a deeper understanding of 
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existing practices. Further, we wanted to develop a deeper understanding why test managers 
did not apply CST so far. For this reason we conducted exploratory interviews with the in-
volved test managers (N=3). Moreover, we interviewed three intermediaries who are all spe-
cialized in different kinds of testing (e.g., usability testing, functional testing) to understand 
the mediation process and the requirements to a company from an intermediary’s perspective. 
Our interviewees (N=3) were experienced test managers who execute and manage crowdtests 
with different clients on a regular basis. Finally, to ground the diagnosis in theory and further 
enhance our understanding, we reviewed existing literature regarding these matters. This tri-
angulation of data allowed us to derive pivotal requirements and challenges to be addressed 
by our solution. 

The interviews with the test managers revealed that they either did not know how to frame a 
test to use crowdsourced testing but also were not sure what tasks they have to perform in 
mediated crowdsourcing. Statements from managers of intermediaries supported this by stat-
ing that many customers were unsure about their objective and the test scope and that these 
two activities are vital to project success. Another concern by the test experts was, that the 
defect management process could become excessively extensive due to many submissions of 
low quality (Ipeirotis and Paritosh 2011) or duplicate bug reports. Furthermore, the diagnosis 
revealed that the involvement for test managers in the test itself and defect management are 
different in CST. Although the intermediary communicates with the crowd, there are often 
specific issues where support from the companies’ test manager is needed during the tests.  

Besides that, security and intellectual property is another issue in crowdsourced software test-
ing (Leicht et al. 2016c; Stol and Fitzgerald 2014). By opening to a large, anonymous crowd, 
companies are afraid that crowdsourcees could, instead of testing the software, try to hack the 
application and harm the company. In this regard, the test managers were also concerned 
about industrial spying, as well as public exposure due to low software quality of the test 
object. This leads to the conclusion that it is of high importance to check if crowdsourcing 
can be applied taking IT and data security regulations in account. Moreover, test managers 
need to carefully consider in which software testing phase to use crowdsourcing and how to 
scope the test. 

Phase 2: Action Planning 

Based on the diagnosis and informed by standard project management literature (Cleland and 
Ireland 1994; Wysocki 2011) we framed the CST initiative as a small sub-project in the testing 
process and created a four-phase process (cf. Figure 15). As a next step, we attempted to 
address the expressed concerns and necessary steps and built high-level activities within every 
phase. 



 

126 

 

 
Figure 15: Preliminary CST Model 

This high-level model was elaborated and further specified in two expert workshops with test 
managers of the involved companies as well as in single interviews with the test managers 
(N=4) and ultimately led to the description of fourteen activities in mediated crowdsourced 
software testing. Table 20 explains the particular activities for each phase. 

Table 20: Overview of Activities 

Phase Activity Description 

I. 
D

ef
in

iti
on

 

1. Potential Assess-
ment 

Identification and assessment of potential for the application of 
CST for the specific project, i.e., software object. 

2. Definition of Ob-
jective 

Definition of test objective. Crowdsourced software testing can 
be leveraged to accomplish several testing goals, such as func-
tionality, usability, non-functional aspects, reliability etc.  

3. Involvement of 
Test Manager 

Depending on the objectives, the test manager can select be-
tween various service levels varying in the degree of involve-
ment. Also, the crowdsourcees are defined, i.e., external 
crowdsourcees, customers, or employees. 

4. Compliance  
Check 

Ensuring that the project does not violate any regulatory or com-
pliance guidelines. This mainly focuses on data and IT security 
but may also affect other departments (e.g., human resources 
for testing with employees) 

II.
 P

la
nn

in
g 

5. Project Manage-
ment 

Setup of a basic project management office (PMO) to coordinate 
all relevant CST aspects, i.e., time schedule for crowdtests, 
budget controlling, and definition of roles. 

6. Supplier Assess-
ment 

Assessment and selection of an intermediary for the execution of 
the crowdtest depending on the previously defined parameters 
such as objective, crowd and involvement.  

7. Test Scope Defini-
tion 

Definition of the type (functional, usability, etc.) and extent of the 
test (entire software vs. functions), the specific definition of 
crowdsourcees, as well as the integration into the overarching 
test concept.  
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Table 20: Overview of Activities 2/2 

III
. E

xe
cu

tio
n 

 a
nd

 C
on

tr
ol

lin
g 8. Test Definition Detailed design of test cases and test instructions as well as the 

definition of reporting formats. 

9. Application Man-
agement 

Depending on the objective, the software to be tested has to fulfil 
certain quality criteria. The test manager has to ensure the ma-
turity of the software before the crowdtest. 

10. Intermediary 
Management 

Settlement of the responsibilities for the test and the examination 
of results. Also, necessary information for the test and an exact 
schedule for the tests has to be provided and set.  

11. Test Monitoring  
& Support 

Depending on the chosen service level (3), the test manager has 
to be available on demand and provide support if necessary. 

12. Defect Manage-
ment 

Verification, categorization, and prioritization of submitted bugs/ 
examination of qualitative crowdsourcee feedback and integra-
tion of the results into the overall test results. 

IV
. C

lo
si

ng
 13. Handover of Re-

sults  

After completion, the test manager delivers the results back to 
the project team. The handover document contains the results of 
the test, i.e., verified bug reports and notes for possible change 
requests. Further, the test manager elaborates in how far the ob-
jectives set in step two were fulfilled with the crowdtest. 

14. Project Closure 
Report 

The project closure report contains a summary of the results as 
well as lessons learned. To ensure continuous improvement, the 
lessons learned should identify process improvements and oper-
ationalize concrete action taking. 

Phase 3: Action Taking 

The project setting allowed us to conduct a crowdsourced software testing project with the 
developed model and its activities in three different companies. The collaboration and ongo-
ing interaction with the respective test managers proved especially helpful to collect valuable 
feedback and learnings as the consortium approach enabled a very fruitful interaction between 
all involved parties. Table 21 depicts the involved companies as well as the test object and 
the main objective of the test. To enhance generalizability the tests were conducted with dif-
ferent intermediaries per test. To further enhance the generalizability of the results we chose 
to apply the model in both development paradigms and with different test objects. In addition, 
the type of testing varied between the companies. The tests itself were conducted by 20-30 
crowdsourcees for functional testing and 15 for usability testing. The duration of the tests was 
about 48-72 hours in each scenario. 
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Table 21: Test Settings 

Company Development  
Paradigm Test Object Type of Testing 

Bank Waterfall Mobile Banking Application Functionality 

Insurance 
Company 

Agile Corporate Public Website Usability 

Online Retailer Agile Online Shop (Web) Functionality & Usability 

Planned Phase 4: Evaluating 

For the first cycle, we focused on a formative evaluation of the project. A formative evaluation 
is especially useful for empirical interpretations that serve as a basis for the improvement of 
the developed model (Venable et al. 2016). To evaluate and improve the process steps, we 
interviewed the involved test and project managers (N=6) before and after the project. For 
these interviews, we created a roughly structured interview guideline with questions regarding 
every phase of the crowdtest, the overall satisfaction with the process, the test results, and the 
collaboration with the intermediary. The participants should especially elaborate on aspects 
that caused disturbance or were perceived as not timely, i.e., too early or too late in the pro-
cess. All interviews were recorded and subsequently transcribed. In addition, detailed notes 
were taken during the interviews. Moreover, we conducted a focus group workshop (Morgan 
1996) with the consortium (N=13)  to identify pitfalls and improvements of every phase for 
the second research cycle and to synthesize the knowledge from all initiatives, which will 
determine the learning in the next phase. 

Planned Phase 5: Specifying Learning 

Although our evaluation is a work-in-progress, first findings indicate that crowdsourced soft-
ware testing with an intermediary requires a different workflow for the test manager. In con-
trast to outsourcing or in-house testing where the manager receives the results from profes-
sionals, crowdsourced software testing is often performed by semi-professional or even un-
trained testers. This fact leads to an increased effort in defect management. Another fact that 
intensifies the efforts is that in most cases, crowdsourcees are not testing against a specifica-
tion and the intermediary usually also does not have a specification of the software at hand. 
These circumstances produce bugs professional testers would not have submitted and, in con-
clusion, lead to an increased effort in defect management. Also, the input of other stakehold-
ers, for example compliance or security department, is needed and the examination process 
often requires time and additional action taking by the manager. This is especially true if the 
organization has no previous experience with crowdsourcing. Hence, the findings suggest that 
a new project role, the “crowdtest manager”, should be established, especially in larger pro-
jects with different development and test streams. 
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10.4.2 Planned Action Research Cycle Two 

As for the second research cycle, we intend to apply and further develop the preliminary 
model from the first cycle for settings where the intermediation is performed by the 
crowdsourcing company itself. In this scenario, complexity is higher because the company 
has to perform additional activities once performed by the intermediary, such as, crowd man-
agement or remuneration of the crowdsourcees. For this purpose, we also intend to apply the 
model in three real-world testing projects of our consortium. Table 22 summarizes our ap-
proach for the second cycle. 

Table 22: Planned Cycle Two 

Phase Planned Actions 

D
ia

gn
os

in
g 

In the first cycle, the intermediary is seen as a “black box” performing a variety of im-
portant tasks and governance mechanisms to enable crowdsourced software testing. 
Building on literature (e.g., Zogaj et al. 2014; Zogaj et al. 2015), we intend to “white 
box” the intermediary and clarify which tasks have to be performed by the organization. 
Further, exploratory interviews with managers from crowdsourcing intermediaries will 
be conducted to shed light on that issue. 

A
ct

io
n 

 
Pl

an
ni

ng
 

Based on the learnings from the first cycle, the model will be further developed and en-
hanced to be applicable for scenarios without intermediation as well as hybrid forms. 
That includes necessary changes in existing activities, but mainly the inclusion of activi-
ties performed by an intermediary such as crowd and community management, and 
others. Further, the results revealed that existing roles in the testing process must be 
adjusted and new roles, e.g., a crowd manager responsible for the communication with 
the crowd need to be considered and employed. 

A
ct

io
n 

Ta
ki

ng
 The adapted model including the specified learning will then again be applied in three 

different companies with different scenarios to ensure generalizability. We intend to ap-
ply the model for internal CST with employees where only the platform is provided, as 
well as completely without mediation with customers of the company as a crowd. 

Ev
al

ua
tio

n 

In order to evaluate the practicability and overall performance of the developed model, 
we intend to apply a summative evaluation approach. Summative evaluations focus on 
meaning an support decisions regarding the applicability of the model (Venable et al. 
2016). We will conduct semi-structured interviews with the test managers as well as the 
project managers with a focus on the real world usefulness and realized benefits of the 
applied CST approach.  

Sp
ec

ifi
ed

 
Le

ar
ni

ng
 The model developed in the action research project intends to provide an exhaustive 

and complete guideline on how to conduct CST initiatives and thereby claims to be ap-
plicable for a variety of different crowdsourcing scenarios in software testing. Depend-
ing on the results of the evaluation, we will decide if these criteria are met or a third ac-
tion cycle should be conducted. 
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10.5 Expected Contribution and Future Research 

To the best of our knowledge, this paper is the first to investigate crowdsourced software 
testing from an organizational point of view. Traditional software testing, performed in-house 
or outsourced, heavily relies on the knowledge of specific and very few people with a limited 
locus and an ex-ante selection of results. Crowdsourcing flips this concept by broadening the 
locus due to the open nature of the call and follows the mantra of open source code, which 
has proven to be a feasible concept over the last decades. This study will help to create deeper 
insights into the mechanisms of crowdsourcing from an organization’s point of view. Thus, 
we help to synthesize literature of crowdsourcing that so far mostly focused on the perspective 
of the crowdsourcee or intermediary. 

Preliminary results reveal that, although the crowdsourcing process itself is managed by an 
intermediary, crowdsourcing still requires other process structures and tasks to be performed 
than traditional outsourcing of test activities. Hence, the developed model unfolds necessary 
changes regarding process design and the accompanied roles in the test process with the use 
of crowdsourced software testing. Further, the expected model identifies activities that are of 
particular importance for the success of CST initiatives. However, we argue that our results 
are not just limited to CST. In fact, due to the complex nature of the task and the modulariza-
bility as well as the interdependence of activities in software development, we propose that 
our results are transferable to other activities in the development process, that is, code pro-
duction or even earlier stages of development such as design evaluation and even require-
ments elicitation. For practice, the paper illustrates how test departments can utilize 
crowdsourcing as a new tool in their collection. On top of that, we expect to provide a process 
model as a guideline with precise action taking in software testing projects for test managers 
to enable crowdsourced software testing in testing departments. 
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11 FACILITATING INTERORGANIZATIONAL LEARNING 
WITH A CONSORTIUM APPROACH 

Reference: 

Leicht, N., Blohm, I., Schlagwein, D. and Leimeister, J. M. (2018), "Facilitating Interorgani-
zational Learning with a Consortium Approach: Insights from an Action Research Study 
on Crowdsourced Software Testing", currently under review at: MIS Quarterly 

Abstract 

Even though the literature on organizational learning has been extended to interorganizational 
learning in conventional strategic alliances, it does not consider interorganizational learning 
in consortia approaches. However, this is a learning mode chosen by an increasing number of 
organizations, especially to collectively learn about new IT-enabled organizational practices. 
To address this shortcoming of the literature, we embarked on an action research study on 
interorganizational organizational learning with a consortia approach in the context of 
crowdsourced software testing (CST). Eight organizations participated in our research pro-
ject, which took more than three years and three action research cycles involving numerous 
data collection strategies and interventions such as workshops. Based on the study, we are 
able to make three contributions to the literature: a) we develop a (universal) theoretical model 
on inter-organizational learning with a consortium approach that identifies a phased mode of 
collective learning. Further, b) we develop a CST-specific framework that considers that what 
has been learnt about CST in an activity framework (specific to the CST context). Finally, c) 
we reflect on how the research approach, action research with multiple partners in a joint 
industry-academia consortium can generate new knowledge that is valuable beyond the par-
ticipating organizations. 

Keywords: Action Research, Engaged Research, Organizational Learning, Experiential 
Learning, Collective Learning, Inter-Organizational Learning, Research Consortia, 
Crowdsourcing, Crowdsourced Software Testing, IS Adoption, IS Adaptation 
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11.1 Introduction 

How organizations can collectively learn new IT-enabled practices and how this learning can 
be facilitated by academia is an important yet underexplored topic. Organizational learning, 
in general, is a group of theories that described how organizations learn and improve (for 
reviews: Argote 2012; Dimovski and Škerlavaj 2008; Dodgson 1993; Easterby-Smith 1997; 
Shrivastava 1983). Organizational learning is widely held a source of competitive advantage 
(De Geus 1988) and a driver of organizational performance (Sorenson 2003; Tucker et al. 
2007). Learning occurs at different levels of analysis in organizations: individual, group, or-
ganizational and interorganizational (Kozlowski et al. 2010). Most studies and theories of 
organizational learning focus on the organizational levels of analysis, and conceptualize indi-
vidual and group level learning as taking place within a single organizational context (Crossan 
et al. 1999). There are much fewer studies in at the interorganizational level (for exceptions, 
Argote et al. 1990; Dussauge et al. 2000; Liebeskind 1996; Muthusamy and White 2005; 
Powell et al. 1996).  Research on the interorganizational level has so far focused on learning 
in conventional, formal strategic alliances (e.g., for joint R&D) (Ingram and Simons 2002; 
Larsson et al. 1998; Zollo and Reuer 2010). However, in relation to many new IT-enabled 
practices, organizations are often not in immediate competition (e.g., because IT is a support 
function for most organizations) and are glad to learn collectively in consortia and similar 
open arrangements (such as special interest groups and industry advisory boards). These con-
sortia can be created and facilitated by academic institutions  Better understanding this form 
of collective organizational learning and how it can be facilitated by academia is the topic of 
this paper. 

One IT-enabled new organizational practice that organizations increasingly adopt for differ-
ent purposes is “crowdsourcing”. Crowdsourcing has been used for a range of organizational 
purposes, primarily for new product development and refinement (e.g., Lakhani et al. 2013; 
Leimeister et al. 2009; Schlagwein and Bjørn-Andersen 2014). Crowdsourcing can be highly 
effective in many organizational situations by providing access to widely distributed 
knowledge or collective intelligence (Afuah and Tucci 2012; Boudreau and Lakhani 2013; 
Jeppesen and Lakhani 2010; Piezunka and Dahlander 2015; Poetz and Schreier 2012). Re-
cently, crowdsourcing has been proposed as a practice of for software testing (Leicht et al. 
2017) and an increasing number of organizations are adopting crowdsourced software testing 
(CST) (LaToza and van der Hoek 2016; Stol and Fitzgerald 2014). CST hence presents a 
contemporary exemplar of a new, IT-enabled practice that organizations are interested in 
learning about. 
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The purpose of the study reported here was to better understand collective organizational 
learning following a consortia approach in the context of CST. In particular, we were inter-
ested in a) how organizations learn collectively using a consortia approach (universally), b) 
how CST can be adopted and adapted by organizations (CST-context specific) and c) how 
action research can help understand interorganizational phenomena (methodologically). 

We were in a position to study collective organizational learning of a new IT-enabled practice 
(i.e., CST) in a multi-organization action research project (Baskerville and Myers 2004). Due 
to our crowdsourcing expertise and institutional partnerships with multiple organizations, we 
(the authors) established a consortium on CST with eight partner organizations as the core of 
the study. We worked with our partner organizations individually and collectively and acted 
as facilitators for their learning-based consortia for more than three years. The study provided 
us with invaluable insights on how the involved individuals and organizations learned and 
adapted CST over time. 

The study helped us to shed light on the above three research objectives. In relation to (a), we 
found that collective organizational learning in a consortium approach proceeds as a cycle-
based process learning. A resulting theoretical model extends prior organizational learning 
theory [in particular, we extend Crossan et al. (1999)] to consider phases and learning beyond 
the individual organization. The theoretical model corresponds to insights from the individual 
learning literature (Kolb 1984), extending this literature to the organizational level. In relation 
to (b), we found that CST, once sufficiently developed, is best conceptualized as a set of 
activities that considers both universal and contextual elements. We develop a corresponding 
model over several iterations, making explicit to the reader the underlying learning process 
of the partners and of us. Last, in relation to (c), we reflect on the research approach of this 
study- action research with multiple partners in a consortium can generate new knowledge 
that is valuable beyond the participants. 

The paper is organized as follows. Section 2 provides an overview of work on crowdsourcing 
and CST. Section 3 reviews the organizational learning literature in a particular in relation to 
IS/IT-enabled practices. Section 4 presents on our action research method. Section 5 describes 
the three main action research cycles of our study, summarizes the corresponding key learn-
ings and evaluates the outcomes of the overall project. Section 6 discusses the contribution of 
the study for organizational learning, CST and action research. The paper concludes with a 
brief outlook. 
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11.2 Literature Review 

11.2.1 Crowdsourcing 

Crowdsourcing can be defined as “the proposal of activities to a group of individuals who 
voluntarily undertake tasks based on a flexible open call” (Blohm et al. 2013) and has gained 
track to effectively solve business problems (Jeppesen and Lakhani 2010). It also received 
increasing interest by researchers, specifically from the computer science and IS domain. 
Thereby, the understanding of crowdsourcing as a phenomenon varies between literature 
streams. 

[1] Literature Review 

Crowdsourcing is inspired by the open source software development movement. It is thus, 
not surprising, that there is a vast body of research on crowdsourcing in computer science. 
However, research in this area is fairly technical and mostly disregards non-technical aspects 
of crowdsourcing, such as social, societal, business, psychological, and behavioral aspects 
(Schlagwein and Bjørn-Andersen 2014). A second large body of literature is concerned with 
participant’s behavior and motivation in crowdsourcing initiatives. There is much work on 
the rationales why and how people engage in crowdsourcing (Jeppesen and Frederiksen 2006) 
and how to identify valuable contributors or their submissions (Blohm et al. 2016). Subse-
quently, the unit of analysis is the individual participant. Thus, they do not consider the theo-
retical meaning or the practical implications of crowdsourcing on the organizational level. 
Third, a smaller literature stream is concerned with crowdsourcing on an organizational level 
of analysis. A main issue is the adaptation of crowdsourcing in large and established organi-
zations. For example, crowdsourcing has been used to design enterprise resource planning 
system interfaces at SAP (Leimeister et al. 2009) or to improve customer service at Starbucks 
(Gallaugher and Ransbotham 2010). However, there is still a lack of research for crowdsourc-
ing from an organization’s point of view (Zhao and Zhu 2014). 

Besides the application of crowdsourcing for different purposes and in different contexts, a 
few scholars have attempted to theorize crowdsourcing. Most notably, Afuah and Tucci 
(2012) consider that crowdsourcing is able to perform distant search (for the organization) to 
the cost of “local search” (for the individual). This is very similar to what Jeppesen and 
Lakhani (2010) describe as “broadcast search”. Afuah and Tucci introduce a theoretical model 
of factors driving “adoption of crowdsourcing” as the dependent construct of interest. Hence, 
the theoretical model examines the probability of an organization to adopt crowdsourcing. 

While these scholars made tremendous contributions to understand the phenomenon, there is 
little knowledge on how organizations learn to adapt crowdsourcing and capture value (Afuah 
and Tucci 2013; Bloodgood 2013; Zhao and Zhu 2014). Thus, we need to build on and extend 
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organizational learning theory to understand how organizations learn to use and profit from 
crowdsourcing as an IT-enabled phenomenon. Because the use crowdsourcing often times 
does not directly creates a competitive advantage (especially for the use in the IT functions 
of an organization), organizations are not likely to engage in traditional strategic alliances to 
explore this topic and are glad to learn collectively. 

[2] Crowdsourced Software Testing (CST) 

Crowdsourced software testing (CST) is a specific application of crowdsourcing in the do-
main software testing and recently gained interest of scholars as well as the industry. CST 
refers to outsourcing of software testing activities to a large crowd of internal or external 
testers. These testers participate voluntarily and use their own devices (Leicht et al. 2017). It 
allows crowdsourcers to access a large of diverse testers for various types of software testing 
(e.g., testing functionality or usability) (Stol and Fitzgerald 2014). CST was applied for vari-
ous testing types such usability testing (e.g.: Bruun and Stage 2015), validation testing 
(Mäntylä and Itkonen 2013), functional testing (Ko and Chilana 2010), or even sensible test-
ing task such as vulnerability testing (Su and Pan 2016). It was applied to various research 
contexts (i.e., education, corporate context, and experimental settings) and –overall– has 
shown to be a feasible and reliable testing approach. CST is well suited for investigation since 
software testing is a very standardized and common activity, yet still viewed as a supporting 
activity. Hence, it is highly comparable across different organizations. 

11.2.2 Organizational Learning 

Learning theories originated in the space of individual learning. Based on the works of psy-
chologist such as Kurt Lewin, Jean Piaget, the concept of learning has since been extended to 
the organizational context starting in the late 1960’ and early 1970’s (Argyris and Schon 1978; 
Cangelosi and Dill 1965). Organizational learning is best described as the process of creating, 
retaining, and transferring knowledge within an organization (Argote 2012) and a core issue 
of organization studies and according academic journals. Crossan et al. (1999), Holmqvist 
(2003), Argote and Miron-Spector (2011), among others, provide comprehensive overviews 
of the research stream of organizational learning (both intra- as well as interorganizational 
learning and their relationship) and outline important contributions to the field. In this paper, 
we do not intend to replicate this summary. Instead, we will focus on interorganizational 
learning and expand the literature of interorganizational learning by presenting the concept of 
research driven consortia as a new approach to learn and adapt IT-enabled practices such as 
crowdsourcing. 
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[1] Interorganizational Learning 

Much research has been carried out to identify the abilities of organizations to learn from 
another (Doz and Hamel 1998; Škerlavaj et al. 2010). The research stream to explore how 
organizations can learn from formal collaboration between each other is referred to as inter-
organizational learning (Hamel 1991; Lane and Lubatkin 1998). This literature stream de-
scribes how organizations  learn by producing sets of interorganizational experiential rules 
that are different from the rules of each of its individual member (intraorganizational rules) 
(Larsson et al. 1998).  

Holmqvist (2003) describes to different forms of interorganizational learning – extension and 
internalization. Extension can be referred to intraorganizational learning that generates inter-
organizational learning. In this scenario, an organization extends its experience to others, for 
instance in strategic alliances. The purpose of such collaborations is to exploit each other’s 
experiences (Liebeskind 1996). Internalization on the other hand, can be referred to as inter-
organizational learning that generates intra-organizational learning. Single organizations of-
ten exploit collectively created experiences through formal interorganizational collaborations. 
However, this requires a process of translating interorganizational experiences into intraor-
ganizational ones (Simonin 1999). 

While this stream of research has made great strides over the last decades and is well explored, 
researchers most usually describe interorganizational collaboration as a “strategic alliance” 
(Hamel 1991; Holmqvist 2003; Larsson et al. 1998). A strategic alliance is an agreement be-
tween two or more parties to utilize each other’s strengths to foster organizational learning 
and gain a competitive advantage (Hamel 1991). However, strategic alliances are not the only 
way of organizations working towards a common goal. Consortia are very common in the 
area of medicine and clinical research (Leon et al. 2010; Ozonoff et al. 2011) and more re-
search driven. In strategic alliances, usually companies want to exploit each other’s 
knowledge to improve organizational performance (Dyer and Singh 1998). In contrast, in a 
consortium, organizations simply pool resources to achieve a common goal, regardless of the 
expertise and expected direct revenues or benefits. The consortium benefits from the collab-
oration and exchange of expertise from researchers and practitioners alike. In order for a con-
sortium to function properly, active involvement is a critical element (Österle and Otto 2010). 

[2] Experiential Organizational Learning 

Learning begins with experience .The theory of experiential learning (ELT) can be defined as 
the process of learning through experience, and is more specifically defined as learning 
through reflection on doing (Kolb 1984). The ELT comprises two related modes of gaining 
experience – concrete experience and abstract conceptualization – and two corresponding 
modes of transforming these experiences – reflective observation and active experimentation. 
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Experiential learning combines all four learning modes into a recursive cycle of (1) experi-
encing, (2) analysing, (3) reflecting, and (4) acting. Concrete experiences are real life and 
first-hand experiences with the phenomenon at hand. Thus, they serve as the primary source 
for experience and the basis for observations. The first transformation mode is the reflection 
of the experiences. These reflections are transferred and distilled into generalizations and, 
thus, form more abstract concepts from which new implications can be drawn. Last, these 
general concepts and implications are tested and applied in other contexts by means of active 
experimentation that serve as concrete experiences in a new experiential learning cycle (Kolb 
1984) 

Originally developed for individual learning, several scholars see experiential learning as a 
foundation of organizational learning (Crossan et al. 1999; Huber 1991; Larsson et al. 1998). 
Organizations do not have intuition or the ability the recognize patterns. However, organiza-
tions can build upon knowledge gained at the level of individual actors by formalizing rou-
tines, rules, or processes (Crossan et al. 1999). Thus, a common technique for acquiring 
knowledge in organizations is “learning by doing”, or in other words, experiential learning 
(Huber 1991). While experiential learning seems to be well suited to explain individual and 
(intra-) organizational “learning by doing” over time, the theory has not been extended to 
interorganizational learning and research consortia. We build and extend this theory base for 
our theoretical analysis of our study of organizational adaptation and learning of CST. 

11.3 Research Approach 

Consistent with interpretative approaches to IS research (Walsham 1995) our research objec-
tive was to investigate how organizations encounter new IT-enabled practices such as CST 
with a new collaborative form of interorganizational learning – a researcher facilitated con-
sortium – rather than to hypothesize or test cause-and-effect relationships. In particular, we 
were interested in the learning process on different analytical levels and how the consortium 
approach is able accelerate and facilitate organizational learning. In line with Van de Ven’s 
concept of engaged scholarship (Van de Ven 2007), we engaged in action research to gain the 
necessary in-depth insights for this objective. 

11.3.1 Action Research 

Action research is future-oriented and does not strive for statistically generalizable explana-
tions or the prediction of coherences, but the joint understanding and learning by researchers 
and subject, i.e., practitioners, as well as changing of actual conditions based on a real prob-
lem (Baskerville and Myers 2004; Susman and Evered 1978). Thus, the essential purpose of 
action research is to address concerns to organizations with the broader purpose to contribute 
a solution (Reason 2006). Action research combines the theoretical knowledge of researchers 
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with the practitioner’s situated insights. It has established as viable method in information 
systems research and it is most frequently applied for getting deeply involved with the prac-
titioner’s’ problem and environment in order to understand, support and describe the process 
from problem identification to resolution (Aanestad et al. 2014; Puhakainen and Siponen 
2010; Smith et al. 2010; Young et al. 2016). Beyond that, action research can be well applied 
for creating design principles (Kohler et al. 2011; Lindgren et al. 2004; Yang et al. 2012) and 
theory building (Meissonier and Houzé 2010).  

For this study, we applied dialogical action research, in which interaction between researcher 
and practitioners takes place periodically in a setting removed from the practitioner’s organi-
zation (Mårtensson and Lee 2004). Further, we organized the consortium and set the ground 
rules for participation. First, the participating companies must participate with at least one 
representative in the action research team. Second, to ensure proper learning, representatives 
must be able to make concrete experiences by applying CST in their own organization to-
gether with at least one of the researchers from the action research team. Third, the experi-
ences and learnings from these concrete experiences are shared and aggregated in joint work-
shops (see Appendix XYZ for an agenda of a typical workshop). These workshops are the 
basis of the consortium and serve as a platform for exchange. During these workshops, or-
ganizations were not obligated to grant access to detailed results from their experiences with 
CST (e.g., bug reports) but had at least to share their experiences and lessons learned. In doing 
so, the workshops served as facilitating interaction medium for all involved parties. Besides 
the direct and indirect exchange, the workshop series served as a vehicle to build and validate 
concepts, artefacts and tools for the consortium and all its members.  

11.3.2 Research Consortium and Research Team 

The research consortium consisted of eight organizations that participated over the course of 
the three years. Almost all participants came from the participating organizations’ IT depart-
ments (cf. Table 24). All IT departments showed a similar degree of standardization of their 
processes and procedures, i.e., most of their operations were based on established frameworks 
such as ITIL (IT Service Management) or SCRUM (Agile Software Development). In the 
domain of software testing, all companies had testing handbooks with defined and standard-
ized processes and role descriptions. They usually follow guidelines of the ISTQB (Interna-
tional Software Testing Qualifications Board) and ISO/IEC 9126 (criteria for software qual-
ity). Consequently, actual testing operations within the participating organizations are highly 
comparable, despite varying industries (banking, insurance, industrial production), market 
orientations (global vs. domestic market only), organization sizes (1.500 to 100.000 employ-
ees), or size and importance of the testing departments for these organizations (10 to 150 
employees in the testing department). Hence, the identified problems and elaborated problem 
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solutions within the consortium can be considered as being robust and generalizable because 
a well standardizable activity has been explored in various diverging contingencies. Table 23 
provides general information about the participating organizations, the crowdtested software 
application (i.e., the test object) and the particular crowdtests conducted. 

Table 23: Details of Participating Companies 

Criteria 

Company 

National 
First 
Bank 

Alpha 
Corp. 

Beta En-
terprises 

Omega 
Retail 

Delta In-
surances 

Gamma 
Bank 

IEC – In-
dustrial 
Enter-

prise Co. 

Phi Pub-
lic Bank 

C
om

pa
ny

 

Industry Banking Industrial 
produc-
tion 

Insurance On- and 
Offline 
Retail 

Insurance Banking Car Pro-
duction 

Banking 

Develop-
ment par-
adigm 

Waterfall Agile Agile Agile Agile Waterfall Waterfall Waterfall 

# of em-
ployees 

3.500 12,000 3,000 100.000 4.000 1,500 10.000 11.000 

# of em-
ployees in 
testing de-
partment 

<150 <10 <100 <100 <50 <50 <100 <150 

A
pp

lic
at

io
n 

Applica-
tion type 

Mobile-
banking 
app 

Public 
mobile 
app 

Intranet Online 
Shops 

Corpo-
rate Web-
site 

Mobile-
banking 
app 

Internal 
Expert 
Software 
(3) 

Core 
Banking 
Software 

Applica-
tion ma-
turity 

High Medium Low High Low High Medium-
High 

Medium 

Release to 
be tested 
(minor to 
major) 

Minor 
(few bug 
fixes) 

Minor 
(few bug 
fixes) 

Major 
(com-
pletely 
new soft-
ware) 

Minor 
(few bug 
fixes) 

Medium 
(redesign 
of soft-
ware) 

Minor 
(few bug 
fixes) 

Medium-
Major 
(addi-
tional fea-
tures or 
new soft-
ware) 

Major 
(com-
pletely 
new soft-
ware) 

Te
st

 

Test focus Function-
ality and 
Usability 

Function-
ality 

User ex-
perience 
and user 
ac-
ceptance 

Function-
ality and 
Usability 

Function-
ality and 
Usability 

User ex-
perience 
and func-
tionality 

Function-
ality, 
User Ex-
perience, 
Localiza-
tion 

Function-
ality, Us-
ability, 
Localiza-
tion 

No. of test 
iterations 

2 12 3 3 3 2 3 (1 per 
Applica-
tion) 

>25 

Crowd 
members 

External 
test ex-
perts 

External 
test ex-
perts 

Employ-
ees 

Potential 
Custom-
ers 

Potential 
Custom-
ers 

Real 
Custom-
ers 

External 
test ex-
perts 

Employ-
ees 

No. of 
crowdtest
er 

56 106 118 27 36 38 48 215 

 



 

145 

 

The action research team (i.e., the consortium) consisted of four researchers and 19 practi-
tioners. Researchers had expertise in the area of crowdsourcing and experience in software 
development projects in large corporations. Practitioners reflected representatives from the 
participating organizations and most frequently one test manager and one middle manager 
(e.g., Head of Testing, Head of Online Operations) participated (see Table 24). Thus, situated 
insights comprised of both operational knowledge about each organizations’ testing activities 
and a strategic view on CST. 

Table 24: Participants of Research Team / Participants in Workshops 

Company Participants in Research Team 
University Two Doctoral Students, Researcher, Senior Researcher 

National First Bank Innovation Manager, Test Manager  

Alpha Corp. Head of Software Development, Head of Testing 

Beta Enterprises Head of Fronted Solutions, Test Manager 

Omega Retail IT Project Manager  

Delta Insurances Head of Software Testing, Senior IT Project Manager, Test Manager, 
UX-Specialist 

Gamma Bank Head of Online Operations, Test Manager 

IEC – Industrial Enter-
prise Co. 

Head of Testing and Quality Assurance, IT Project Manager 

Phi Public Bank Head of Testing Tools and Services, Senior Project Manager, Test 
Manager, Senior Testing Expert  

11.3.3 Timeline of Project 

The consortium started in June 2014 with three companies. At the beginning of the year 2015, 
the consortium was composed out of five companies. Over the course of the almost three-year 
journey including six joint workshops so far, several partners joined the research project. In 
sum, eight companies engaged in the research project. The research project itself can be di-
vided into three phases, respectively action research cycles, which all focused on different 
aspects. Figure 16 provides a brief overview over the research project timeline and the class 
of application served the test object for the first time application of CST. Individual starting 
points of participation in the consortium enabled us to pilot test, evaluate and transfer newly 
generated knowledge very quickly. This scenario proofed to be fruitful as many issues could 
be resolved fast thanks to the continuous generation and formalization of knowledge. 
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Figure 16: Timeline of Project 

11.3.4 Data Collection and Analysis 

In order to gain robust results, we relied on data from various sources including project meet-
ing minutes, formal and informal interviews, as well as project meetings/calls, and observa-
tions over the project’s duration. On top of that, we reviewed corporate documents such as 
testing handbooks, other formalized guidelines, and company presentation materials. We also 
had access to raw data from all crowdtest activities in the companies accompanied 
crowdsourcing projects from cradle to grave. Overall, ### formal interviews as primary data 
were conducted and recorded. In addition, we created research notes to capture our reflections 
during and after formal interviews, but also all informal exchange and workshops. Our tran-
script data represents company informants from all hierarchy levels of the companies, ranging 
from an operational perspective from test experts, a tactical perspective on a divisional level 
from executives such as Head of Testing, up to the strategic level of the CIO. This provides 
evidence about the inclusion of all stakeholders to enlarge the scope and include a strategic 
lens to the topic. Table 25 presents the data collected for the action research project. 
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Table 25: Data Collection 

Company 
Project Meet-
ings / Informal 
Interviews 

Formal Inter-
views 

Workshops 
(w/ Research 
Team) 

Documents / 
Other Data 

National 
First Bank 

5 project meet-
ings;  
4 informal inter-
views 

2 interviews w/ 
test managers 

Participation in 5 
workshops 

For each project: 
Monthly meeting 
minutes, reports 
provided by inter-
mediary, test doc-
umentation from 
each company, 
platform data from 
crowdtests, obser-
vation of tests 
(per company) 

Alpha Corp. 6 project meet-
ings;  
3 informal inter-
views 

2 interviews w/ 
project manager;  
2 interviews w/ 
test managers 

Participation in all 
6 joint workshops 

Beta Enter-
prises 

7 project meet-
ings;  
5 informal inter-
views 

2 interviews with 
test managers 

Omega Re-
tail 

4 project meet-
ings,  
4 informal meet-
ings 

1 interview with 
test manager 

Delta Insur-
ances 6 project meet-

ings;  
4 informal inter-
views 

1 interview with 
test manager,  
1 interview with 
head of testing,  
5 interviews with 
testers 

Gamma 
Bank 

5 project meet-
ings;  
5 informal inter-
views 

1 interview with 
project manager;  
2 interviews with 
test managers 

IEC 3 project meet-
ings,  
5 informal meet-
ings 

1 interview with 
project manager 

Phi Public 
Bank 9 project meet-

ings,  
8 informal meet-
ings 

1 interview with 
head of testing,  
3 interviews with 
test managers,  
6 interviews with 
testers 

Participation in 3 
workshops 

CST Inter-
medi-aries 

7 project meet-
ings,  
3 informal meet-
ings 

3 interviews with 
crowdtesting man-
agers 

None None 

As for data analysis, during informal interviews, workshops, and direct observations, each 
researcher noted verbal and non-verbal communications separately. We collaboratively de-
briefed and discussed the results in several sessions involving both researchers and represent-
atives of other consortium partners. Formal interviews were recorded and subsequently tran-
scribed. The transcribed material was analysed by using open and axial coding techniques 
(Corbin and Strauss 2008). This analysis created a set of recurring categories related to the 
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concrete experiences, reflective observations on CST, and the abstracts concepts as well as 
the inter- and intraorganizational learnings. The concrete experiences category comprises all 
insights relevant to the CST process, activities and accompanied roles and changes. Second, 
reflective observations are concerned with the results, the technical/procedural issues compa-
nies had to overcome within the projects. The abstract concepts dimension relates to all cre-
ated artefacts (e.g., activity model) and statements related to that. Last, the organizational 
learnings relate to the learning process of both the individuals, as well as the consortium and 
the focal organizations as a whole. Further, practitioners from the consortium offered com-
ments on and corrections to our interpretations. 

11.4 Research Cycles of Action and Learning 

We started our action research project in our consortium with a proof of concept of CST to 
ensure the feasibility and demonstrate that CST is of sufficient quality. Based on these expe-
riences, the consortium developed a first activity model to that unfolds necessary activities 
for conducting CST. We then accompanied six consortium members applying the initial 
model in different settings and thereby demonstrated that CST is suitable in many different 
scenarios and for varying purposes. Hence, our partner organizations and we jointly refined 
the activity model and were able to identify different adaptation approaches of CST. Last, 
after development and evolution of our activity model, we accompanied our consortium or-
ganizations on their way towards the routinization of CST and thus, building intraorganiza-
tional knowledge. Within each cycle, we intend to make the learning process the consortium, 
the focal organizations and we as researchers went through as transparent as possible. 

11.5 Action Research Cycle I – Proof of Concept 

We worked with National First Bank and conducted a first proof of concept in 2014. National 
First Bank’s goal was to increase their IT sourcing capabilities and the bank had identified 
crowdsourcing as a potential way of reaching these goals, especially for sourcing testing ser-
vices. In addition to the research team, National First Bank involved a crowdsourcing inter-
mediary, CrowdNet. 

Cycle I – [1] Concrete Experience: First Application of CST 

The scope of the project was testing the bank’s mobile app. The CST focused on functional 
testing of the app’s public areas, i.e., all parts where users do not need log in. Since the bank 
was also interested in qualitative feedback, participating crowdsourcees were also provided 
with a usability questionnaire. In order to evaluate the quality and reliability of CST, the bank 
also tested the app in parallel with their standard testing procedures. The overall period from 
project initiation (i.e., kick-off meeting with the intermediary) to project closure comprised 
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eight weeks (i.e., delivery of validated test results by the intermediary). The test execution 
time, i.e., the period of time in which the crowd actually tested the app, was three days. Over-
all, 26 crowdsourcees with 21 device/operating system (OS) combinations (e.g., iPhone7 with 
iOS 11.0) conducted the test. Most of the crowdsources had a professional testing background 
(55%), whereas 24% were leisure time testers and 21% crowdsources had basic testing expe-
rience. In sum, the crowd detected 55 bugs. The test manager of National First Bank finally 
accepted 31 out of these bugs for further consideration. In the next step, all non-functional 
bugs were excluded, which left 10 functional bugs. The in-house testers did not detect five 
out of those bugs. 

Cycle I – [2] Reflective Observation: Limitations of CST with an Intermediary 

The project was seen as a good success at First National Bank. The Test Manager of National 
First Bank saw the bug reports as very helpful and further added that the quality of documen-
tation was very high. Moreover, the test department could deliver new value to its internal 
business clients by providing valuable usability feedback by real users. This raised the interest 
of the marketing department that felt that CST could be very useful for their purposes (e.g., 
market research, customer satisfaction surveys). Thus, the project created spill over effects to 
other departments that demonstrates the multidimensional value CST can provide. 

Besides, the project also raised a number of concerns and challenges. We interviewed various 
test managers from the bank and some test managers did not view CST as an opportunity to 
increase software quality and take off load in work peaks because of two reasons. First, they 
perceived CST as being a substitute for themselves and their jobs, rather than being a helpful 
tool that can complement their daily operations. Second, and more importantly, in the partic-
ular project setting, CST could only be applied for the public accessible parts of the applica-
tion, which reflected only about 5-10% of the app’s extent. This was due to constraints re-
garding test infrastructure and data security. Hence, the test managers were sceptical regard-
ing the feasibility and effectiveness of CST, although the results were promising. Especially 
the banking industry has an enormous amount of regulations and a high degree of IT security 
regulations (although this problem is not specific to CST, but generally applies to all kinds of 
outsourcing in software testing). Further, there was a lot ambiguity regarding the activities 
necessary to conduct CST. National First Bank had no experience with CST and, thus, re-
sponsibilities and activities were completely unclear. Hence, the test managers felt that a 
structured process with clear tasks and activities would have been very helpful. Additionally, 
a formal process documentation is required for internal and external revision processes at the 
bank. 
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Cycle I – [3] Aggregation & Validation: Developing Alternative CST Settings  

Beyond the above reflection within First National Bank, their experience was central to the 
first interorganizational workshop which provided additional evaluation. In that first work-
shop, five organizations discussed the results of the test and possible further application pos-
sibilities of CST to overcome the challenges from the proof of concept. Hence, we conducted 
a joint workshop session where we built small groups (3-4 people from different organizations 
plus one researcher as a moderator and facilitator) and discussed possible application scenar-
ios. Starting the session, the consensus in the groups was to structure the application based on 
the type of application to be tested (e.g., website, mobile app, etc.) and its peculiarities (e.g., 
type of data involved for the testing). However, after discussing the group results in the ple-
num, the consortium realized that a conceptualization was not about the “what”; instead, it 
was about “how” CST is conducted. This insight and learning strongly changed the way the 
consortium conceptualized CST and conducted all further activities. 

Cycle I – [4] Abstract Conceptualization: Development of initial CST Activity Model 

The workshop led the research team and participants to conceptualize a first version of a CST 
activity model - one of the key purposes of the project. The model is supposed to displays all 
necessary tasks required for conducting CST and associated changes in the role of the test 
manager. Based on the concrete experiences of National First bank’s first hand experiences, 
the consortium jointly developed a first version of such an activity model. In order to develop 
this model, we investigated the existing testing process documentations of the consortium 
companies. Based on these insights, we derived several basic activities such as the definition 
of the test objective, defect management, and the handover of results. To gain better under-
standing of the requirements and challenges, we elicited on why test managers did not apply 
CST so far.  

For this reason, in addition to the workshop, we conducted exploratory interviews with test 
managers from our consortium companies. These interviews revealed that the managers either 
did not know how to frame a CST project but also were not sure how to go about it. Another 
concern of the test managers was that the defect management process could become exces-
sively extensive due to many submissions of low quality or duplicate bug reports. To gain 
complimentary insights, we interviewed representatives of three intermediaries who were spe-
cialized in different kinds of CST (e.g., usability testing, functional testing) to understand the 
activities, tasks, the process and the requirements for CST from an intermediary’s perspective 
as well as to fortify our findings from the previous interviews. Our interviewees were experi-
enced project managers from CST intermediaries. They agreed that many organizations are 
unsure about the objectives and what they need to contribute for a successful test. Beyond 
that, the definition of the scope and test parameters (i.e., tasks, required crowdsourcees, etc.) 
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are most challenging for organizations. Furthermore, the interviews revealed that the involve-
ment for test managers in the test itself and defect management are different in CST. In con-
trast to traditional manual testing approaches, the organization’s test manager is dealing not 
just with test professionals. Instead, often times test managers are dealing with people not 
familiar with the matter at hand. Hence, the test manager has to act as a moderator and single 
point of contact for the crowd or as a counterpart for the intermediary. This changes the way 
the manager monitors and supports test activities. 

Building on standard project management literature (Snyder 2014; Wysocki 2011) and our 
empirical insights, we framed the CST initiative as a small sub-project in the testing process 
and created a four-phase process (cf. Figure 17). As a next step, we created high-level activi-
ties within every phase. 

 
Figure 17: Preliminary CST Activity Model 

A first draft of this high-level model including a short description of activities (cf. Table 26) 
was presented and elaborated in the second workshop. All participating companies were in 
the process of setting up their own CST initiatives and thereby already gained enough expe-
rience to contribute valuable insights. The synthesis of all insights from the research team 
lead to a refined short description for every activity in the model. This formalization and 
abstraction of knowledge closed the first learning loop and thus, action research cycle. 
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Table 26: Overview of CST Activities 

Phase Activity Description 
I. 

D
ef

in
iti

on
 

1. Potential Assess-
ment 

Identification and assessment of potential for the application of 
CST for the specific project, i.e., software object. 

2. Definition of  
Objective 

Definition of test objective. Crowdsourced software testing can be 
leveraged to accomplish several testing goals, such as functional-
ity, usability, non-functional aspects, reliability etc.  

3. Involvement of 
Test Manager 

Depending on the objectives, the test manager can select be-
tween various service levels varying in the degree of involvement. 
Also, the crowdsourcees are defined, i.e., external 
crowdsourcees, customers, or employees. 

4. Compliance  
Check 

Ensuring that the project does not violate any regulatory or com-
pliance guidelines. This mainly focuses on data and IT security 
but may also affect other departments (e.g., human resources for 
testing with employees) 

II.
 P

la
nn

in
g 

5. Project Manage-
ment 

Setup of a basic project management office (PMO) to coordinate 
all relevant CST aspects, i.e., time schedule for crowdtests, 
budget controlling, and definition of roles. 

6. Supplier Assess-
ment 

Assessment and selection of an intermediary for the execution of 
the crowdtest depending on the previously defined parameters 
such as objective, crowd and involvement.  

7. Test Scope Defini-
tion 

Definition of the type (functional, usability, etc.) and extent of the 
test (entire software vs. functions), the specific definition of 
crowdsourcees, as well as the integration into the overarching test 
concept.  

III
. E

xe
cu

tio
n 

 a
nd

 C
on

tro
lli

ng
 8. Test Definition Detailed design of test cases and test instructions as well as the 

definition of reporting formats. 

9. Application  
Management 

Depending on the objective, the software to be tested has to fulfil 
certain quality criteria. The test manager has to ensure the ma-
turity of the software before the crowdtest. 

10. Intermediary 
Management 

Settlement of the responsibilities for the test and the examination 
of results. Also, necessary information for the test and an exact 
schedule for the tests has to be provided and set.  

11. Test Monitoring  
& Support 

Depending on the chosen service level (3), the test manager has 
to be available on demand and provide support if necessary. 

12. Defect  
Management 

Verification, categorization, and prioritization of submitted bugs/ 
examination of qualitative crowdsourcee feedback and integration 
of the results into the overall test results. 

IV
. C

lo
si

ng
 13. Handover of Re-

sults  

After completion, the test manager delivers the results back to the 
project team. The handover document contains the results of the 
test, i.e., verified bug reports and notes for possible change re-
quests. Further, the test manager elaborates in how far the objec-
tives set in step two were fulfilled with the crowdtest. 

14. Project Closure 
Report 

The project closure report contains a summary of the results as 
well as lessons learned. To ensure continuous improvement, the 
lessons learned should identify process improvements and opera-
tionalize concrete action taking. 
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11.6 Action Research Cycle II – Proof of Value 

In the second proof of value cycle, five participating companies applied CST in a variety of 
further settings. The research consortium intended to overcome the challenges identified in 
the first cycle and explore further applications of CST. During these initiatives, the prelimi-
nary activity model served as guiding frame of reference. Following, we present three exem-
plary cases that reflect the described adaptation approaches and describe the underlying or-
ganizational rationales. 

Cycle II – [1] Concrete Experience: Use of the First Model in New Cases 

Testing with an external crowd at Alpha Corp.: Alpha Corp. with its global hardware busi-
ness was particularly interested in using CST for its public mobile app. The app is offered in 
twelve countries and eight languages. With the app, customers can obtain information about 
products and order spare parts, which makes it a popular choice among plumbers. The focus 
of the CST was on functionality only. Thus, the main purpose was to guarantee functionality 
in separate versions of the app. Pressured by a tight release schedule, the test manager decided 
to conduct CST from Friday to Monday. Alpha Corp. selected a diverse crowd to perform the 
tasks: 22 testers covered all 12 countries and a range of device and OS combinations. Thus, 
the Industrial Enterprise could conduct a broad compatibility test reaching beyond its bound-
aries. Even though the release did not include any major changes, the crowd was able to detect 
19 bugs; six of them were so relevant that the team immediately decided to schedule the fix 
for the next sprint. Although Alpha Corp. did not specifically asked or compensated usability 
feedback, almost half of crowdsources gave such feedback. This was of great additional value 
as they company reprioritized its development roadmap based on this feedback. 

Internal CST with Beta Enterprises: Beta Enterprises is an insurance company with about 
3,000 employees who use a company-wide intranet. The company planned to replace the in-
tranet with a customizable commercial software solution and was interested to apply CST in 
order to involve its own employees in testing and gathering usability feedback. Doing so, the 
project team hoped to increase the new intranet’s acceptance by integrating the users into the 
development process and thus support IT change management. The test manager decided to 
run two CST iterations. The first iteration was concerned with basic functionality. Hence, 
Beta Enterprises and we created use cases (for example, “Edit and complete your profile” or 
“Use the search function to find a colleague”) to ensure that the employees tested all relevant 
software parts. In the second iteration, which was the last one before the planned release, the 
participants tested the intranet in an explorative manner (“Do what you would naturally do in 
your job”). More than two-thirds of the crowdsourcees’ reports were suggestions to enhance 
the intranet’s user experience. Overall, the employees generated more than 200 submissions 
in these two iterations, the majority being usability feedback. 
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Testing with Customers in Gamma Bank: Gamma Bank’s executives are aware of the high 
importance of their customer applications. Customers expect them to be flawless and availa-
ble 24/7 on any given device. The latter one is noticeably causing more and more trouble for 
the testing department due to the increasing demand for functional and compatibility testing. 
Thus, the bank was interested in involving their customers in the testing process to obtain 
customer feedback and at the same time, conduct compatibility tests. Because of the experi-
ences from National First bank and the issues with IT and security regulations, Gamma Bank 
chose to set up a platform within their boundaries and let real customers do the job. In so 
doing, the bank asks customers to write test and experience reports after doing their regular 
banking affairs. Because this approach ensures that the test data remains within the bank and 
testers only see their own data, the bank effectively overcame the challenges mentioned ear-
lier. As for the results, the crowdtesters covered almost twice as many device-and-OS com-
binations than the bank covers internally. However, the project team felt that the greatest 
benefit was that it obtained customer feedback without exposing the app to the public. 

Cycle II – [2] Reflective Observation: Identification of influencing factors for the use 
of CST 

Alpha Corp. was the first organization to apply our developed model in a similar context as 
National First Bank with the difference that the company applied an agile approach with four-
week sprints. After Alpha Corp. presented its experiences at a workshop, the consortium dis-
cussed the influence of the software development paradigm (i.e., waterfall vs. agile). Two at 
first sight different approaches, however, proved to be not so different after all. While Alpha 
Corp. operates with a SCRUM-based agile approach, National First Bank, as well as Gamma 
bank does not develop the software itself and thus, is reliant on its vendor. Subsequently, there 
are only a handful of releases per year and, thus, the department has established a waterfall 
oriented approach. Regardless, CST was effectively applied in all scenarios. We observed that 
the main effort of CST is to set up and change the processes to cope with CST. The incremen-
tal effort for a CST sequence however, is relatively little and thus, CST can be applied in 
many short testing cycles in contrast to a few larger ones in a more waterfall oriented ap-
proach. 

Beta Enterprises test setting was very different to the previous ones. The test manager was 
dealing with a highly visible project within the entire organization. Suddenly, inclusion of 
employees from different subsidiaries speaking different languages, consulting the human 
resources department as well as the employee representation (in order to ensure that she were 
are allowed to involve people into testing activities during their working time) were main 
activities of her work. This stakeholder involvement was crucial for the project’s success. 
Following beta Enterprises presentation in the consortium, the other participants realized that 
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the main objective of the CST initiative could be very multifaceted. So far, the goal of CST 
was restricted to “core” software testing. However, Beta Enterprises’ CST initiative was 
aligned with the project’s goal of active change management in a technochange project 
(Markus 2004). Thus, a decisive factor of the CST project was the involvement of a specific 
and targeted crowd – in this case Beta Enterprises’ employees. 

Gamma Bank decided to license and employ a platform in order to be able to cope with the 
regulatory issues. Thus, many new activities were necessary that have not yet been incorpo-
rated in the activity model. To name a few: the test manager had to ensure that the infrastruc-
ture, i.e., the test platform and all necessary sub-systems, are working properly and are avail-
able during the test frames. Second, there is also no one managing the process, i.e. setting 
time periods, writing test instructions, recruiting the crowd etc. Last, the manager is also re-
sponsible for the communication and interaction with the crowd. Setting up the platform 
caused high ramp-up cost. The platform, however, allows to conduct different tests (design 
validation, functionality, and so on) with specific tasks (for example, use-case-based testing) 
and to obtain genuine customer feedback without having to address the public. 

Cycle II – [3] Aggregation and Validation: Three adaptation strategies for CST 

In order to aggregate and validate the observations discussed in the prior section, we con-
ducted a dedicated workshop. The purpose of the workshop was twofold. In a first session, 
the consortium members particularly reflected on the on the different procedural, technical, 
and organizational factors, observed in the different projects. Thus, in a second session, the 
representatives of our partner companies and we jointly discussed and contrasted the different 
approaches and their shaping contingencies in order to improve the activity model. 

There are various factors, influencing the use of CST. It is safe to say that there is no „one 
size fits all” approach, because various contextual and situational factors shape and determine 
the use and formalization of crowdsourcing. In our projects, our partners and we always had 
to account for specific variations and adapt the model for every context or execute sets of 
activities different across scenarios. However, our extensive experience with CST allowed us 
to identify and evaluate different procedural, technical, and organizational factors.  
 Software development paradigm: Surprisingly, CST is not only applicable in an agile de-

velopment paradigm. According to our extensive experiences with CST, the software de-
velopment paradigm is not an important contextual factor, considering the applicability 
and effectiveness of CST in both paradigms. 

 Data security and privacy: Data security and privacy regulations are the main drivers for 
applicability and effectiveness of CST. The CST approach is heavily determined by the 
criticality and sensitivity of the data required for testing. However, our project has 
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proven that it is possible and feasible, to effectively apply CST even in scenarios, when 
data security policies are very strict. 

 Testing purpose and goals: Our research shows that CST can deliver multi-dimensional 
value – reaching from finding bugs to interacting with customers. Depending on the pur-
pose and goals associated with CST, completely different approaches may be required.  

 Target crowd: Often times, it is of interest “who” actually tests the software (e.g., to gain 
feedback from real customers instead of random people not familiar with the matter at 
hand). Depending on the testing purpose/testing goals, it might be relevant for different 
stakeholders to involve certain populations (e.g., employees from a certain department, 
customers with certain characteristics). 

 Stakeholder management and expectations: Stakeholder management and expectations 
are an underestimated organizational factor in the adaption of CST. It is of great im-
portance to involve relevant stakeholders (e.g., marketing department when testing with 
customers or representatives of unions when involving internal resources) and align op-
erational goals with more strategic goals of the company (e.g., involve customers in 
product development or involve employees in IT change processes). 

After that, the consortium members discussed the different projects and approaches and char-
acterized the organizational and environmental factors for each approach. We (the research-
ers) led the conversation and aggregated the results after the workshop, which we presented 
and discussed with our partner organizations at the following workshop meeting. The results 
are three archetypical approaches to implement crowdsourcing in software testing (cf. Table 
27). 

(1) CST as an external source of resources and knowledge:  This approach is characterized by 
a high degree of intermediation to reduce involvement and effort for the test manager. 
Thus, the testing is often performed on an external platform with a large and unspecified 
crowd. This approach is mainly about acquiring resources and/or knowledge for software 
testing only without investing too much time and effort. 

(2) CST as a new mode of allocating and integrating internal resources: The main goal of this 
approach usually is not just software testing, but also active involvement of employees 
(e.g., for change management) and mobilization of the internal workforce. Thus, the crowd 
is much more specified. Because CST takes place within the boundaries of the organiza-
tion, there are various stakeholders involved and inputs needed (e.g., permission from hu-
man resources, top management support, et.). 

(3) CST as a new form of customer interaction and integration:  The objective in this approach 
is also twofold. Besides testing, active involvement of customers is a key target. 
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Crowdsourcing can be used to create a new customer interaction channel and to engage in 
co-creation activities (Kohler et al. 2011) towards more customer-centric software solu-
tions. A major stakeholder besides the testing department are all customer facing depart-
ments such as marketing, sales, etc. that have to be involved. 

Table 27: Adaptation Approaches for CST 

Adaptation  
Approach 

Organizational 
Factor Characteristic Dominant Mode of CST 

Crowdsourcing 
to acquire ex-
ternal 
knowledge / re-
sources 

CST Objective (functional) 
Testing only 

- High degree of intermediation 
- Minimal involvement for test man-

ager 
- External platform 
- Anonymous, external crowd 
 

IT Security reg-
ulations low 

Target crowd 
Large and rela-
tively unspeci-
fied 

Involved Stake-
holders none 

Crowdsourcing 
as internal 
work organiza-
tion  

CST objective 

Testing, 
Change Man-
agement, Mobi-
lization of inter-
nal workforce 

- Low degree of intermediation 
- High involvement for test manager 
- Medium involvement for stake-

holders in the organization 
- Internal platform (depending on IT 

security) 
- Internal crowd 

IT Security reg-
ulations Medium to high 

Target crowd Employees 

Involved Stake-
holders 

Labour unions, 
top manage-
ment (support) 

Crowdsourcing 
as customer in-
teraction chan-
nel 

CST objective 
Testing, Cus-
tomer Interac-
tion 

- Low to medium degree of interme-
diation 

- High involvement for all stakehold-
ers 

- Internal or external platform (de-
pending on IT security) 

- External and internal crowd (em-
ployees might be customers for in-
ternal applications) 

IT Security reg-
ulations Low to medium 

Target crowd Customer 

Involved Stake-
holders 

Marketing, Mar-
ket Research, 
etc. 
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Cycle II – [4] Abstract Conceptualization: Revision and Reframing as Contextual CST 
Activity Model 

The activity model from cycle I served as a helpful guideline in the CST implementation yet 
was lacking in several aspects. First, it lacked flexibility and applicability in the different 
scenarios. The strict tasks order lead to several issues. For instance, most organizations tested 
an application multiple times and thus, only had to perform a compliance check and initiation 
activities once. However, the model suggested executing, for example, a compliance check 
every time. Thus, the model would have to factor in activities, that potentially only have to 
be performed once, as in the previous example, as well as activities that have to be performed 
every time, such as the provision of a working software build. 

Discussing the model and its issues, one representative suggested using the basic principles 
of modularization (Parnas 1972) and group activities to overcome the inflexible preliminary 
model. Accordingly, we completely reworked the activity model. We eliminated the process 
structure and created sets of recurring activities that are performed given certain circum-
stances, instead. Doing so, the model more flexible and, thus, applicable to all modes of CST. 
Compared to the preliminary model, we also added “one-off” activities that are only per-
formed once (per application or application class). These activities include the initial assess-
ment for CST potential, a regulatory and compliance check, as well as the definition of the 
test objective and scope.  

There were several new activities added to the model in order to increase its applicability. For 
instance, we added “IT Management” that describes the management of the platform and/or 
tools to conduct CST initiatives. Another new activity is “crowd management”. It that de-
scribes the interaction with the crowd during the tests, as well as before the test cycle (i.e., 
invitation of crowdsourcees). Another lively discussion evolved around the topic of integra-
tion of CST results. Frequently, CST was embedded in a bigger test strategy and, thus, was 
only one testing tool within a combination of several testing approaches. Subsequently, the 
results had to be reprocessed in order to be compatible to the defect management system. 
Similarly, the model also includes “test preparation”. Figure 18 depicts all activity bundles 
we created. These activity bundles allow for different configurations and embodiments of the 
model for one of the identified approaches. 
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Figure 18: Revised CST Activity Model 

11.7 Action Research Cycle III – Proof of Use 

In the third action research cycle, we proceeded from trial use of CST to continued use and 
routinization of CST. After the involved organizations have made extensive experience with 
CST in individual projects and exchanged their experiences in several workshops the com-
pany’s representatives decided to institutionalize the generated knowledge and implement 
CST into the organization’s existing infrastructure and IT process landscape for continued 
use. The goal was to foster acceptance, induce routinization and to create organizational 
knowledge in the form of routines and procedures regarding CST. 

Cycle III – [1] Concrete Experience: Towards Institutionalization and Routinization of 
CST 

After the first project at our partner organizations (one company left the consortium due to 
personnel change and restructuring), we implemented CST at seven out of eight organizations 
for a continue use. We present three cases that illustrate scenarios for continued use of CST 
in different organizations and their intra-organizational learning process towards the routini-
zation of CST.  
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On-Demand Use by Alpha Corp.: After successful experiences with CST in the project in 
cycle II, Alpha Corp‘s test manager pursued organizational institutionalization. Being a rather 
small software development and test department, there was no necessity to incorporate CST 
in every sprint or release cycle. Further, the software applications are for public use and the 
data involved is not critical. Hence, the use of external CST with the help of an intermediary 
seemed the most favourable setting for their needs. The test manager negotiated a framework 
contract with an intermediary – paying a fix sum per year for a defined number of tests seemed 
like the best alternative for the Industrial Enterprise’s testing needs. Thus, they conduct CST 
whenever they intend to on short notice with the “external CST with intermediation” config-
uration. 

CST as part of regular test operations at Phi Public Bank: Phi Public Bank was develop-
ing a new software that will be used by every employee in every branch and subsidiary for 
daily operations. Until now, the bank occasionally brought employees from branches in the 
company’s headquarter to test various enterprise applications. However, the bank faced the 
problem that the current project requires a lot more testing (e.g., more than 10.000 test cases 
have to be tested) and does not integrate the employees well. Thus, test quality and coverage 
were major concerns. In order to increase to effectiveness and efficiency of the end-user ac-
ceptance testing, the bank decided to set up an internal CST process. The goal of the project 
was to ensure sufficient test coverage by simultaneously shortening the test cycles. 

Since the application to be tested contained highly confidential data and a complex permission 
and role system, it impossible to involve any external parties. Hence, the bank decided to use 
the refined model and set up the process with internally available tools (e.g.,  test management 
software, internal communication tools, etc.). The test department had already acquired a 
tester pool of around 200 employees across different functions and branches. After successful 
pilot projects, the bank set up a crowdtesting management office, which is controlling all CST 
activities for the particular application, as it became an official part of the testing strategy for 
the application. Based on the second version of our activity model, we wrote a CST handbook 
with guidelines for project and test managers involved to communicate the process change. 
After a couple more iterations to refine the handbook, the process, and the activities, CST 
became mandatory part of the project methodology for the entire project.  

Building an Internal Service at Gamma Bank: Gamma bank also established CST as part 
of the regular test process for their mobile banking application. In contrast to Phi Public bank, 
Gamma Bank pursued a different approach of institutionalizing. The bank realized that with 
the platform, it not only has established a new tool for software testing – in fact, it created a 
new customer interaction channel. Together with the bank, we developed the idea to bundle 
the competencies and expertise of the involved test managers to develop an internal service 
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offering for project managers or executives from other departments (e.g., marketing & prod-
uct management). The rationale behind the idea was to reduce ramp-up and education costs 
for enabling other project managers to conduct their own CST initiatives while leverage econ-
omies of scale for the installed CST platform. Subsequently, we developed an internal service, 
using the developed activity sets for the scenario of CST with intermediation to determine 
which activities should lie within the service centre and which activities the potential custom-
ers had to perform.  

Cycle III – [2] Reflective Observation: Establishing Organizational Routines 

The cases illustrate three companies pursuing different approaches of institutionalizing CST.  

Alpha Corp. has no permanent need for CST and the mobile app can be easily tested publicly. 
Using an external crowd for provided in a managed service offer by an intermediary, the 
company can meet its main goals: ensuring the app’s compatibility and to reducing workload. 
Alpha Corp.’s head of testing only had to change minor organizational process parts to enable 
this type of CST. Thus, the internal formalization remains relatively low. The value of this 
approach is mainly restricted to “traditional” software testing and user feedback. On top of 
that, inspired by the other projects (mainly Beta Enterprises and Phi Public Bank), Alpha Corp 
is also using CST with its internal stakeholders in order to perform user acceptance tests for 
various software. 

Phi Public Bank tests a large internal application. With the help of the second activity model, 
the bank created a highly standardized and formalized internal CST process without a dedi-
cated IT-Platform. So far, the bank conducted more than 25 tests using the new approach and 
is very satisfied with the results. The organization can set up test cycles a lot faster and involve 
the actual users and subject matter experts in the testing process to ensure high quality soft-
ware. Thus, this proves that the activity model is able to disaggregate CST and its components 
to a level in which it can be set up using standard testing and communication tools (e.g., 
instant messaging, voice chat, etc.). This saved he bank a lot of ramp-up time and set-up costs.  

Gamma Bank tested with its own customers and absolutely could not afford to have an im-
provised platform or environment. When testing with real customers, every frontend becomes 
critical for customer interaction. Thus, the company chose to license a platform from an in-
termediary, which was then branded and configured according to the bank’s corporate iden-
tity. The bank had comparably high set-up costs but once implemented, the bank was able to 
test its banking app with its own customers. In so doing, the bank effectively overcame the 
strict security and privacy regulations that initially posed a major limitation of CST. The cre-
ated CST service quickly created spill over effects such that other departments such as mar-
keting were eager to use platform. 
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Cycle III – [3] Aggregation & Validation: Three Approaches for the Institutionaliza-
tion of CST 

Looking at the configurations and sets of CST activities used by each company in our con-
sortium, we observed that there are path dependencies in the CST adaptation and the degree 
of formalizing CST operations. Companies engaging in CST for resource and knowledge ac-
quisition purposes will likely use CST on demand (e.g., installing CST with an external crowd 
as an additional quality gate for a particular application or set of applications). The advantages 
of this approach are relatively low costs (no fix costs), as well as flexible and fast set-up 
testing without much additional workload. There are only minor organizational process 
changes necessary, but the value of this approach is restricted to simple software testing. 

Integrating CST in standard testing operations requires more profound organizational 
changes. Within our consortium, most companies started with using CST in an on-demand 
fashion and with increasing demand, integration of CST into standard testing operations re-
sembled the logical next step. Most frequently, CST was employed an additional quality gate 
for public applications and software using an external crowd by an intermediary. Building on 
that knowledge, however, organizations like Phi Public Bank were able to advance this by 
integrating CST with its own employees completely into their testing processes to cope with 
strict regulations.  

Often times, those initiatives drew widespread attention throughout the organization. Subse-
quently, some organizations realized that the potential that CST is not only able to provide 
traditional “software testing”. In fact, by formalizing processes and setting up own platforms; 
organizations are able to use this for manifold purposes. Hence, those companies developed 
CST services to utilize their competencies and offer CST to project managers, market research 
analysts or marketing executives in their own company. In these cases, organizations have 
built up overarching CST competencies in order to engage with a self-acquired crowd. Table 
28 summarizes the institutionalization approaches. 
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Table 28: Institutionalization Approaches for CST 

Organizational  
Integration 

Integration 
Depth 

Explanation Dominant Mode of 
CST 

On-demand  
application Low 

Application of CST on de-
mand; usually with a high de-
gree of intermediation and an 
external crowd 

External, with interme-
diation 

Integration in regular 
testing operations Medium 

Integration into standard pro-
cesses for particular (or a set 
of) applications. 

Internal or external with 
varying degrees of in-
termediation 

Corporate CST-Cen-
tre High 

Offering CST as an internal 
service to interested stake-
holders (i.e., project manag-
ers, product owners, usability 
experts, etc.) 

Internal, without inter-
mediation 

Cycle III – [4] Active Experimentation – Further Application of CST 

In our consortium research, we covered a wide variety of application scenarios throughout 
our three-year journey and all consortium partners adapted CST using one of the required 
approaches and a corresponding mode of internal institutionalization. During this journey, 
each of organizations has built some sort of CST competence that allows now to actively 
experimenting with new applications. In this regard, we observe that many of our partners 
started to grow CST communities. In these communities, the subject matter experts “spread 
the word” and inform other interested project or test managers about CST. Thus, these com-
munities foster the organizational learning processes, further inducing crowdsourced software 
testing. 

11.8 Action Research Project Summary and Evaluation 

By conducting three research cycles with eight companies over more than three years, we 
gained in-depth knowledge into various organizations and their learning processes to integrate 
crowdsourcing into their software testing departments. In the first cycle, our partners and we 
made first experiences with CST by conducting a proof of concept. Hence, we formalized our 
experiences in a preliminary activity model for CST. We then applied the model in different 
organizations and identified three different approaches for adapting CST. Subsequently, we 
modularized our activity model such that it can cope with the peculiarities of each approach. 
In the third cycle, we accompanied the consortium on their way towards a formalization and 
continued use of CST. 
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The defining purpose of information systems research as an academic discipline is to “under-
stand and improve the ways people create value with information” (Nunamaker Jr and Briggs 
2011). In this vein, an important but often disregarded aspect is the evaluation of the feasibil-
ity of the developed systems and artefacts. Thereby, it is important to note that the solutions 
must be not only technically and economically but also operationally feasible. According to 
Nunamaker Jr et al. (2015) there are three stages to achieving “the last research mile”, as 
they call the successful transition up until the workplace. 
(1) Proof of concept: Demonstration of the functional feasibility of the solution. Functional 

feasibility means the degree to which the solution is technically possible, and the degree 
to which it is within the mental and physical abilities of its users and participants. Action 
research cycle I served as a proof-of-concept to demonstrate the functional feasibility of 
CST in an organizational context. On top of that, we demonstrated that CST is feasible 
even in complex and highly regulated IT environments in banks and insurances. 

(2) Proof of value: Investigation whether stakeholders can use the solution to create value 
across a variety of contexts and conditions. Thus, the application and adaptation of CST 
in the second cycle illustrates that value generation of CST can be very different. Hence, 
we present the different approaches companies find valuable for their purposes. We ar-
gue this on the premise, that an organization only pursues strategies that they think are 
favourable and create value. 

Proof of use: Creation of self-sustaining communities of practice around a generalizable so-
lution, and demonstration that practitioners can successfully create and gain value from their 
instantiation of the generalizable solution. Our consortium has become a sustainable commu-
nity of practitioners. Moreover, we observe that many of our consortium partners start to grow 
crowdsourced software communities within their boundaries, which help to foster the appli-
cation of CST throughout the organization. 

11.9 Findings 

In this paper, we investigate the interorganizational experiential learning process in a consor-
tium. Based on our three-year study with over eight organizations, we found that collective 
organizational learning in a consortium proceeds as a cycle-based process learning. We fur-
ther demonstrate that the consortium facilitates and accelerates learning of every individual 
in the group, fosters interorganizational learning, and ultimately leads to an increased and 
accelerated intraorganizational learning for participating organizations. Drawing on literature 
on experiential and intra- as well as interorganizational learning, we demonstrate that the con-
sortium approach is able to support and improve every phase of the experiential learning pro-
cess of participants and thus increases individual, as well as organizational learning. 
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11.9.1 Concrete Experience 

Learning begins with experience. While the initial definition of concrete experiences refers 
to the real life and first-hand experiences of individuals with the phenomenon at hand (Kolb 
1984), that is direct experience, a research consortium can provide much more experience 
than that. In a consortium, a great part of experience is gained indirectly. Individuals, groups, 
and organizational units learn directly from their own experience and indirectly from the ex-
perience of others (Darr et al. 1995). Indirect experience is valuable because it provides access 
to knowledge about which an individual or group do not have direct experience (Gino et al. 
2010). We follow  Gino et al. (Gino et al. 2010) with their definition of direct and indirect 
experience, whereas direct experience is similar to the concept of “learning-by-doing” and 
indirect experience is similar to the concept of knowledge transfer (Szulanski 2000) or vicar-
ious learning (Bandura 1965). Accordingly, in our study, participants gain direct experience 
through their projects within their company. We further define indirect experience as the pro-
cess in which members gain experience at the task by watching and listening to others on 
related projects in the consortium setting. Thus, the individuals in the consortium can gain 
much more experience (see Argote and Miron-Spektor (2011)) for a review of types of expe-
riences and the consortium builds a much stronger foundation for learning through experien-
tial and vicarious learning. 

11.9.2 Reflective Observation 

A consortium allows the aggregation and sharing of reflective observations from different 
individuals with many different viewpoints. Our setting proved to be especially valuable due 
to the participation of researchers and practitioners. Through this engaged research (Van de 
Ven 2007), we were able to dive into the world of practitioners and gained deep knowledge 
about the issues when adapting CST. The practitioners on the other hand, benefitted from a 
research-driven consortium were scientific inputs as well as practical relevance were consid-
ered and thus, led to better overall results (Mårtensson and Lee 2004). 

11.9.3 Formation of Abstract Concepts 

Individual learning is a requisite for group and organizational learning. However, it is not 
sufficient for these higher levels of analysis since organizational learning is far more complex 
(Todorova and Durisin 2007). For learning to occur on a group or organizational level, the 
individual knowledge acquired has to be embedded in some form of repository in a way that 
it is accessible for other individuals of the group or organization (Argote and Miron-Spektor 
2011). Concepts, routines, or procedures are examples of such repository that would enable 
the transformation of knowledge into higher units of analysis (Crossan et al. 1999). Accord-
ingly, a main objective of the consortium was the formation of abstract concepts – not only 
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individually – but also on a group level. The consortium created, elaborated and evaluated 
concepts that served as a basis for organizational routines. After development, the resulting 
artefacts, that is the activity model and adaptation approaches, were carried over into the or-
ganizations. Moreover, organizational learning is fostered by the direct exchange between the 
organizations. Interaction in the consortium was not limited to the workshops. In fact, there 
were several instances were two companies connected during a workshop and continued their 
exchange outside of the usual consortium workshop setting.  

11.9.4 Active Experimentation 

Active experimentation is the primary source for creating experience (Kolb 1984). Applying 
the activity model in other contexts led to an enhanced applicability of  the artefact and overall 
better results. A consortium however, provides manifold opportunities to actively experiment. 
For example, while one organization decided to pursue the internal use of CST, another part-
ner organization experimented with external CST. This led to more space for experimentation 
and thus, to more direct experience, as well as vicarious learnings for all participants. 

11.10  Contributions 

The contribution of this paper is threefold. First, we contribute to literature on interorganiza-
tional learning. While literature primarily focused on “strategic alliances”, we present the case 
of the research driven consortium. Thus, we borrow the basic principles from consortia in 
medicine and clinical research that are often used and led by academia to pursue a common 
goal. We found that collective organizational learning in a consortium approach proceeds as 
a cycle-based process learning. Our results extends prior organizational learning theory [in 
particular, we extend Crossan et al. (1999)] to consider phases and learning beyond the indi-
vidual organization. The theoretical model corresponds to insights from the individual learn-
ing literature (Kolb 1984), extending this literature to the interorganizational level. We further 
demonstrate how a consortium approach can benefit organizations in their experiential learn-
ing process towards building interorganizational learning, which is the routinization of new 
IT enabled practices such crowdsourcing. 

Second, we contribute to crowdsourcing literature by showing how organizations learn and 
adapt crowdsourcing, using CST as an example. We found that CST, once sufficiently devel-
oped, is best conceptualized as a set of activities that considers both universal and contextual 
elements. Subsequently, we formalize our knowledge in an activity framework and identify 
three approaches of adaptation that organizations frequently use. We developed the model 
and corresponding elements over several iterations, making explicit to the reader the under-
lying learning process of the partners and of us. 
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Last, by organizing a consortium consisting of eight organizations and working with them 
closely for more than three years in an action research project, we provide a novel “flavour” 
of action research to the IS community. Performing action research in a consortium setting 
may help to overcome the major limitation of action research – the limited generalizability of 
results due to the logic of replication and validation. Reflecting on the project, action research 
with multiple partners in a consortium can generate new knowledge that is valuable beyond 
the participants.  

For practitioners, we provide an activity framework as a guideline with precise action taking 
in software testing projects for test managers to enable crowdsourced software testing in their 
department. More than that, this paper derives three generic approaches to adapt crowdsourc-
ing for software testing departments. These strategies guide executives and provides help with 
regard to adaptation of crowdsourcing in their IT department. Further, our research approach 
illustrates the effectivity and efficiency of practice-research teams on new IT-enabled prac-
tices such as crowdsourcing. In this vein, this paper serves as an example for scholars and 
practitioners alike on how to design consortium projects that achieve both scientific as well 
as practical impact. 

11.11  Conclusion 

In this paper, we examine the adaptation and learning of crowdsourcing for software testing 
(CST) in a research consortium with eight partners over three years. We found that this ap-
proach of interorganizational learning can facilitate and accelerate the experiential learning 
process of all participating organizations and thus, contributed greatly on the way to a rou-
tinization of CST in the test departments. Based on these findings, we extend literature of 
interorganizational learning by introducing the concept of research driven consortia as an al-
ternative to traditional “strategic alliances”. 

11.12  References 

Aanestad, M., Jolliffe, B., Mukherjee, A., and Sahay, S. 2014. "Infrastructuring Work: 
Building a State-Wide Hospital Information Infrastructure in India," Information 
Systems Research (25:4), pp. 834-845. 

Afuah, A., and Tucci, C. L. 2012. "Crowdsourcing as a Solution to Distant Search," Academy 
of Management Review (37:3), pp. 355-375. 

Afuah, A., and Tucci, C. L. 2013. "Value Capture and Crowdsourcing," Academy of 
Management Review (38:3), pp. 457-460. 

Argote, L. 2012. Organizational Learning: Creating, Retaining and Transferring Knowledge. 
Springer Science & Business Media. 



 

168 

 

Argote, L., Beckman, S. L., and Epple, D. 1990. "The Persistence and Transfer of Learning 
in Industrial Settings," Management Science (36:2), pp. 140-154. 

Argote, L., and Miron-Spektor, E. 2011. "Organizational Learning: From Experience to 
Knowledge," Organization Science (22:5), pp. 1123-1137. 

Argyris, C., and Schon, D. 1978. Organizational Learning: A Theory of Action Approach. 
Reading, MA: Addision Wesley. 

Bandura, A. 1965. "Vicarious Processes: A Case of No-Trial Learning," Advances in 
experimental social psychology (2), pp. 1-55. 

Baskerville, R., and Myers, M. D. 2004. "Special Issue on Action Research in Informaton 
Systems: Making Is Research Relevant to Practice Foreword," MIS Quarterly (28:3), 
p. 2. 

Blohm, I., Leimeister, J. M., and Krcmar, H. 2013. "Crowdsourcing: How to Benefit from 
(Too) Many Great Ideas," MIS Quarterly Executive (4:12), pp. 199-211. 

Blohm, I., Riedl, C., Füller, J., and Leimeister, J. M. 2016. "Rate or Trade? Identifying 
Winning Ideas in Open Idea Sourcing," Information Systems Research (27:1), pp. 27-
48. 

Bloodgood, J. 2013. "Crowdsourcing: Useful for Problem Solving, but What About Value 
Capture?," Academy of Management Review (38:3), pp. 455-457. 

Boudreau, K. J., and Lakhani, K. 2013. "Using the Crowd as an Innovation Partner," Harvard 
Business Review (April 2013), pp. 60-69. 

Bruun, A., and Stage, J. 2015. "New Approaches to Usability Evaluation in Software 
Development: Barefoot and Crowdsourcing," Journal of Systems and Software (105), 
pp. 40-53. 

Cangelosi, V. E., and Dill, W. R. 1965. "Organizational Learning: Observations toward a 
Theory," Administrative Science Quarterly), pp. 175-203. 

Corbin, J., and Strauss, A. 2008. Basics of Qualitative Research: Techniques and Procedures 
for Developing Grounded Theory. Thousand Oaks. 

Crossan, M. M., Lane, H. W., and White, R. E. 1999. "An Organizational Learning 
Framework: From Intuition to Institution," Academy of Management Review (24:3), 
pp. 522-537. 

Darr, E. D., Argote, L., and Epple, D. 1995. "The Acquisition, Transfer, and Depreciation of 
Knowledge in Service Organizations: Productivity in Franchises," Management 
Science (41:11), pp. 1750-1762. 



 

169 

 

De Geus, A. P. 1988. Planning as Learning. Harvard Business Review March/April. 

Dimovski, V., and Škerlavaj, M. 2008. "Organizational Learning as the Key Towards 
Improved Organizational Performance," Knowledge Management: Research and 
Application). 

Dodgson, M. 1993. "Organizational Learning: A Review of Some Literatures," Organization 
Studies (14:3), pp. 375-394. 

Doz, Y. L., and Hamel, G. 1998. Alliance Advantage: The Art of Creating Value through 
Partnering. Harvard Business Press. 

Dussauge, P., Garrette, B., and Mitchell, W. 2000. "Learning from Competing Partners: 
Outcomes and Durations of Scale and Link Alliances in Europe, North America and 
Asia," Strategic Management Journal), pp. 99-126. 

Dyer, J. H., and Singh, H. 1998. "The Relational View: Cooperative Strategy and Sources of 
Interorganizational Competitive Advantage," Academy of Management Review (23:4), 
pp. 660-679. 

Easterby-Smith, M. 1997. "Disciplines of Organizational Learning: Contributions and 
Critiques," Human Relations (50:9), pp. 1085-1113. 

Gallaugher, J., and Ransbotham, S. 2010. "Social Media and Customer Dialog Management 
at Starbucks," MIS Quarterly Executive (9:4). 

Gino, F., Argote, L., Miron-Spektor, E., and Todorova, G. 2010. "First, Get Your Feet Wet: 
The Effects of Learning from Direct and Indirect Experience on Team Creativity," 
Organizational Behavior and Human Decision Processes (111:2), pp. 102-115. 

Hamel, G. 1991. "Competition for Competence and Interpartner Learning within International 
Strategic Alliances," Strategic Management Journal (12:S1), pp. 83-103. 

Holmqvist, M. 2003. "A Dynamic Model of Intra-and Interorganizational Learning," 
Organization Studies (24:1), pp. 95-123. 

Huber, G. P. 1991. "Organizational Learning: The Contributing Processes and the 
Literatures," Organization Science (2:1), pp. 88-115. 

Ingram, P., and Simons, T. 2002. "The Transfer of Experience in Groups of Organizations: 
Implications for Performance and Competition," Management Science (48:12), pp. 
1517-1533. 

Jeppesen, L. B., and Frederiksen, L. 2006. "Why Do Users Contribute to Firm-Hosted User 
Communities? The Case of Computer-Controlled Music Instruments," Organization 
science (17:1), pp. 45-63. 



 

170 

 

Jeppesen, L. B., and Lakhani, K. R. 2010. "Marginality and Problem-Solving Effectiveness 
in Broadcast Search," Organization Science (21:5), pp. 1016-1033. 

Ko, A. J., and Chilana, P. K. 2010. "How Power Users Help and Hinder Open Bug Reporting," 
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems: 
ACM, pp. 1665-1674. 

Kohler, T., Fueller, J., Matzler, K., and Stieger, D. 2011. "Co-Creation in Virtual Worlds: The 
Design of the User Experience," MIS Quarterly (35:3), pp. 773-788. 

Kolb, D. A. 1984. Experiential Learning: Experience as the Source of Learning and 
Development. Englewood Cliffs, NJ: Prentice Hall. 

Kozlowski, S. W., Chao, G. T., and Jensen, J. M. 2010. "Building an Infrastructure for 
Organizational Learning: A Multilevel Approach," Learning, Training, and 
Development in Organizations), pp. 363-403. 

Lakhani, K. R., Boudreau, K. J., Loh, P.-R., Backstrom, L., Baldwin, C., Lonstein, E., Lydon, 
M., MacCormack, A., Arnaout, R. A., and Guinan, E. C. 2013. "Prize-Based Contests 
Can Provide Solutions to Computational Biology Problems," Nature Biotechnology 
(31:2), pp. 108-111. 

Lane, P. J., and Lubatkin, M. 1998. "Relative Absorptive Capacity and Interorganizational 
Learning," Strategic Management Journal), pp. 461-477. 

Larsson, R., Bengtsson, L., Henriksson, K., and Sparks, J. 1998. "The Interorganizational 
Learning Dilemma: Collective Knowledge Development in Strategic Alliances," 
Organization Science (9:3), pp. 285-305. 

LaToza, T. D., and van der Hoek, A. 2016. "Crowdsourcing in Software Engineering: Models, 
Motivations, and Challenges," IEEE Software (33:1), pp. 74-80. 

Leicht, N., Blohm, I., and Leimeister, J. M. 2017. "Leveraging the Power of the Crowd for 
Software Testing," IEEE Software (34:2), pp. 62 - 69. 

Leimeister, J. M., Huber, M., Bretschneider, U., and Krcmar, H. 2009. "Leveraging 
Crowdsourcing: Activation-Supporting Components for It-Based Ideas Competition," 
Journal of Management Information Systems (26:1), pp. 197-224. 

Leon, M. B., Piazza, N., Nikolsky, E., Blackstone, E. H., Cutlip, D. E., Kappetein, A. P., 
Krucoff, M. W., Mack, M., Mehran, R., and Miller, C. 2010. "Standardized Endpoint 
Definitions for Transcatheter Aortic Valve Implantation Clinical Trials: A Consensus 
Report from the Valve Academic Research Consortium," European heart journal 
(32:2), pp. 205-217. 



 

171 

 

Liebeskind, J. P. 1996. "Knowledge, Strategy, and the Theory of the Firm," Strategic 
Management Journal (17:S2), pp. 93-107. 

Lindgren, R., Henfridsson, O., and Schultze, U. 2004. "Design Principles for Competence 
Management Systems: A Synthesis of an Action Research Study," MIS Quarterly 
(28:3), pp. 435-472. 

Mäntylä, M. V., and Itkonen, J. 2013. "More Testers–the Effect of Crowd Size and Time 
Restriction in Software Testing," Information and Software Technology (55:6), pp. 
986-1003. 

Markus, M. L. 2004. "Technochange Management: Using It to Drive Organizational Change," 
Journal of Information Technology (19:1), pp. 4-20. 

Mårtensson, P., and Lee, A. S. 2004. "Dialogical Action Research at Omega Corporation," 
MIS Quarterly), pp. 507-536. 

Meissonier, R., and Houzé, E. 2010. "Toward an ‘It Conflict-Resistance Theory’: Action 
Research During It Pre-Implementation," European Journal of Information Systems 
(19:5), pp. 540-561. 

Muthusamy, S. K., and White, M. A. 2005. "Learning and Knowledge Transfer in Strategic 
Alliances: A Social Exchange View," Organization Studies (26:3), pp. 415-441. 

Nunamaker Jr, J. F., and Briggs, R. O. 2011. "Toward a Broader Vision for Information 
Systems," ACM Transactions on Management Information Systems (TMIS) (2:4), p. 
20. 

Österle, H., and Otto, B. 2010. "Consortium Research," Business & Information Systems 
Engineering (2:5), pp. 283-293. 

Ozonoff, S., Young, G. S., Carter, A., Messinger, D., Yirmiya, N., Zwaigenbaum, L., Bryson, 
S., Carver, L. J., Constantino, J. N., and Dobkins, K. 2011. "Recurrence Risk for 
Autism Spectrum Disorders: A Baby Siblings Research Consortium Study," Pediatrics 
(128:3), pp. e488-e495. 

Parnas, D. L. 1972. "On the Criteria to Be Used in Decomposing Systems into Modules," 
Communications of the ACM (15:12), pp. 1053-1058. 

Piezunka, H., and Dahlander, L. 2015. "Distant Search, Narrow Attention: How Crowding 
Alters Organizations' Filtering of User Suggestions," Academy of Management 
Journal (58:3), pp. 856–880. 

Poetz, M. K., and Schreier, M. 2012. "The Value of Crowdsourcing: Can Users Really 
Compete with Professionals in Generating New Product Ideas?," Journal of Product 
Innovation Management (29:2), pp. 245-256. 



 

172 

 

Powell, W. W., Koput, K. W., and Smith-Doerr, L. 1996. "Interorganizational Collaboration 
and the Locus of Innovation: Networks of Learning in Biotechnology," Administrative 
Science Quarterly), pp. 116-145. 

Puhakainen, P., and Siponen, M. 2010. "Improving Employees' Compliance through 
Information Systems Security Training: An Action Research Study," MIS Quarterly 
(34:4), pp. 757-778. 

Reason, P. 2006. "Choice and Quality in Action Research Practice," Journal of Management 
Inquiry (15:2), pp. 187-203. 

Schlagwein, D., and Bjørn-Andersen, N. 2014. "Organizational Learning with 
Crowdsourcing: The Revelatory Case of Lego," Journal of the Association for 
Information Systems (15:11), pp. 754-778. 

Shrivastava, P. 1983. "A Typology of Organizational Learning Systems," Journal of 
Management Studies (20:1), pp. 7-28. 

Simonin, B. L. 1999. "Ambiguity and the Process of Knowledge Transfer in Strategic 
Alliances," Strategic Management Journal), pp. 595-623. 

Škerlavaj, M., Dimovski, V., and Desouza, K. C. 2010. "Patterns and Structures of Intra-
Organizational Learning Networks within a Knowledge-Intensive Organization," 
Journal of Information Technology (25:2), pp. 189-204. 

Smith, S., Winchester, D., Bunker, D., and Jamieson, R. 2010. "Circuits of Power: A Study 
of Mandated Compliance to an Information Systems Security" De Jure" Standard in a 
Government Organization," MIS Quarterly (34:3), pp. 463-486. 

Snyder, C. S. 2014. A Guide to the Project Management Body of Knowledge: Pmbok (®) 
Guide. Project Management Institute. 

Sorenson, O. 2003. "Interdependence and Adaptability: Organizational Learning and the 
Long–Term Effect of Integration," Management Science (49:4), pp. 446-463. 

Stol, K.-J., and Fitzgerald, B. 2014. "Two's Company, Three's a Crowd: A Case Study of 
Crowdsourcing Software Development," in: International Conference on Software 
Engineering (ICSE 2014). pp. 187-198. 

Su, H.-J., and Pan, J.-Y. 2016. "Crowdsourcing Platform for Collaboration Management in 
Vulnerability Verification," in: Asia-Pacific Network Operations and Management 
Symposium (APNOMS 2016). IEEE. 

Susman, G. I., and Evered, R. D. 1978. "An Assessment of the Scientific Merits of Action 
Research," Administrative Science Quarterly (23:4), pp. 582-603. 



 

173 

 

Szulanski, G. 2000. "The Process of Knowledge Transfer: A Diachronic Analysis of 
Stickiness," Organizational Behavior and Human Decision Processes (82:1), pp. 9-
27. 

Todorova, G., and Durisin, B. 2007. "Absorptive Capacity: Valuing a Reconceptualization," 
Academy of Management Review (32:3), pp. 774-786. 

Tucker, A. L., Nembhard, I. M., and Edmondson, A. C. 2007. "Implementing New Practices: 
An Empirical Study of Organizational Learning in Hospital Intensive Care Units," 
Management Science (53:6), pp. 894-907. 

Van de Ven, A. H. 2007. Engaged Scholarship: A Guide for Organizational and Social 
Research. Oxford University Press on Demand. 

Walsham, G. 1995. "Interpretive Case Studies in Is Research: Nature and Method," European 
Journal of Information Systems (4:2), p. 74. 

Wysocki, R. K. 2011. Effective Project Management: Traditional, Agile, Extreme. John 
Wiley & Sons. 

Yang, L., Su, G., and Yuan, H. 2012. "Design Principles of Integrated Information Platform 
for Emergency Responses: The Case of 2008 Beijing Olympic Games," Information 
Systems Research (23:3-part-1), pp. 761-786. 

Young, B. W., Mathiassen, L., and Davidson, E. 2016. "Inconsistent and Incongruent Frames 
During It-Enabled Change: An Action Research Study into Sales Process Innovation," 
Journal of the Association for Information Systems (17:7), pp. 495-520. 

Zhao, Y., and Zhu, Q. 2014. "Evaluation on Crowdsourcing Research: Current Status and 
Future Direction," Information Systems Frontiers (16:3), pp. 417-434. 

Zollo, M., and Reuer, J. J. 2010. "Experience Spillovers across Corporate Development Ac-
tivities," Organization Science (21:6), pp. 1195-1212. 



 

174 

 

12 THEORETICAL CONTRIBUTIONS 
This dissertation has examined CST as a new tool in software testing in order to increase 
software testing quality. The goal was to create a better understanding of the performance and 
applicability of CST. Subsequent to previously presented papers, in this section I summarize 
the dissertation’s theoretical contributions that can be drawn from the findings. Crowdsourc-
ing, especially in software testing, is a relatively new phenomenon. Research so far is focusing 
on describing and explaining this concept properly, before more mature, theoretical contribu-
tions can be derived. Most contributions in this dissertation are, therefore, focusing on de-
scribing and analysing rather than explaining and predicting (Gregor 2006). This dissertation 
therefore provides a valuable foundation to further examine this field of research. 

12.1 Empirical Validated Crowdsourcing Taxonomy 

While there are numerous crowdsourcing taxonomies, they are conceptual in nature, lack the-
oretical grounding, and – most importantly – are not empirically validated. Collecting data 
from 100 intermediaries, this dissertation presents an empirically validated taxonomy and 
presents five archetypes of crowdsourcing intermediaries – including the testing and valida-
tion cluster that is most relevant for this dissertation. In doing so, the taxonomy eliminates 
shortcomings of existing taxonomies, for example Doan et al. (2011), Geiger et al. (2012), or 
Nakatsu et al. (2014), while building on their merits. By systematically reviewing existing 
crowdsourcing literature, we were able to derive ten basic concepts used by other scholars to 
classify crowdsourcing in order to develop an overarching framework covering the core func-
tions that constitute the exchange relationships between the actors in the two-sided 
crowdsourcing market. This allows a fine-grained view of the distinct exchange relationships 
generating valuable insights.  

This study is the first to investigate crowdsourcing from a two-sided market perspective. So 
far theoretical approaches in crowdsourcing literature focus almost exclusively on either the 
crowdsourcer, for example Afuah or Tucci (2012), Schenk and Guittard (2011a), and Penin 
and Burger-Helmchen (2011), or the crowdsourcees, for example Leimeister et al. (2009), 
Muhdi and Boutellier (2011), and Moussawi and Koufaris (2013). As for the intermediary 
perspective, there is no theoretically grounded approach to describe and analyse the interme-
diary. By linking crowdsourcing with the theory of two-sided markets (Rochet and Tirole 
2003; Rysman 2009), we provide this theoretical grounding of crowdsourcing which many 
researchers are calling for (Pedersen et al. 2013; Penin and Burger-Helmchen 2011; Zhao and 
Zhu 2014). 
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12.2 Systematization of Crowdsourced Software Testing 

The main objective of the descriptive literature review in this dissertation was to provide a 
comprehensive overview of the fields of application in CST so far. While there is often the 
perception that CST is only applicable in end-user testing scenarios, the literature review re-
vealed that this is not entirely true. There are many examples of other papers demonstrating 
that CST is, in fact, applicable even for complex testing tasks such as the functional testing 
of cross-browser issues (Ko and Chilana 2010) or even delicate testing such as vulnerability 
testing (Su and Pan 2016). This in-depth knowledge and synthesis contributes to the growing 
body of literature of crowdsourcing for software engineering. This literature review might 
serve as an example to conduct literature reviews in other areas of software engineering, in a 
similar fashion, to create knowledge in a bottom-up research approach across related disci-
plines as a first step in developing a theory or systematization of crowdsourcing in this par-
ticular area. 

By developing a classification, and clustering the research papers in the according software 
testing types, the paper synthesizes the research of crowdsourcing in software testing and 
traditional software testing research and practices. This will help scholars of both research 
fields to gain better understanding of the phenomenon of crowdsourcing on the one hand, and 
conduct research with CST to better position their research in the domain of software testing 
on the other hand. On top of this, the literature review identified manifold papers that have 
effectively shown that very complex tasks, such as non-functional testing or quality of expe-
rience testing can effectively be crowdsourced. While the area of crowdsourcing simple tasks 
is well explored, there is still a lot of research necessary to understand crowdsourcing of com-
plex tasks. 
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12.3 Conceptualizing the Relative Advantage of CST 

By combining literature on crowdsourcing, especially regarding effectiveness and costs, this 
dissertation makes two important contributions to the crowdsourcing literature.  

Firstly, the conceptualization explores the mechanisms of the relative advantage of 
crowdsourcing. Closing this breach is a crucial step towards explaining when firms should 
use crowdsourcing as a governance structure, instead of employing internal or outsourced 
problem solving. Furthermore, this model can be used as a basis to explore the concrete mech-
anisms of how crowdsourcing creates value for all crowdsourcing task types, not only for the 
specific case of crowdsourced software testing.  

Secondly, this dissertation illustrates the relative advantage of CST. I therefore illustrate the 
specific factors that influence how crowdsourcers profit from using CST. In doing so, this 
thesis sheds light on the instances in which CST is an advantageous mode of software testing 
and on those in which it is not. Our empirical analysis reveals that the benefits of crowdsourc-
ing for companies evolve via an increased effectiveness of solving the problems at hand rather 
than via relative cost benefits. In this vein, occurring extra-costs offset invoked direct costs 
that make crowdsourcing frequently appear to be a cheap alternative. These results are par-
ticularly true for companies that start engaging in CST. However, the results also imply that 
crowdsourcers may quickly capitalize on learning effects, such that cost benefits may also 
incur in the long run. I therefore follow the call of various researchers (e.g.,Afuah and Tucci 
2012; Zhao and Zhu 2014), in order to explore the value of crowdsourcing. I argue that this 
is an important step towards conceptualizing the relative advantage of using crowdsourcing, 
instead of other governance structures, in the case of crowdsourced software testing. 
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12.4 CST Activity Model 

Traditional software testing, performed in-house or outsourced, heavily relies on the 
knowledge of specifics, and very few people with a limited locus and an ex-ante selection of 
results. Crowdsourcing flips this concept by broadening the locus due to the open nature of 
the call and follows the mantra of open source code, which has proven to be a feasible concept 
over previous decades. This dissertation will help to create deeper insights into the mecha-
nisms of crowdsourcing from an organization’s point of view. This will help to synthesize 
literature of crowdsourcing that so far mostly focused on the perspective of the crowdsourcee 
or intermediary. 

I found that CST, once sufficiently developed, is best conceptualized as a set of activities that 
considers both universal and contextual elements. The results further reveal that, even if the 
crowdsourcing process itself is managed by an intermediary, crowdsourcing still requires 
other process structures and tasks to be performed than traditional outsourcing of test activi-
ties. Hence the developed model unfolds necessary changes regarding test process design, and 
the accompanied roles in the test process, with the use of CST. Further, the model identifies 
activities that are of particular importance for the success of CST initiatives. I have argued, 
however, that these results are not just limited to CST. In fact, due to the complex nature of 
the task and the modularizability, as well as the interdependence of activities in software de-
velopment, I argue that the results are transferable to other activities in the development pro-
cess that is, code production or even earlier stages of development such as design evaluation 
and even requirements elicitation. 
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13 PRACTICAL IMPLICATIONS 
This thesis has several significant practical implications for practitioners – most notably for 
test managers and test executives from organizations, but also for managers from intermedi-
aries offering CST as a service. The dissertation is the first to examine CST from an organi-
zation’s point of view and thereby supports practitioners in assessing and capitalizing from 
this new form of software testing. In this chapter, I will outline the practical implications of 
my work. 

Firstly, by synthesizing existing work, and providing a classification of CST research into 
traditional software testing practices, the dissertation offers interested practitioners a compre-
hensive overview of the state-of-the-art CST research. Further, the review illustrates the areas 
in which CST has already been applied successfully. It therefore gives an indication of when 
CST might be a feasible testing tool compared to other testing techniques such as traditional 
manual testing or test automation. Building on that, the dissertation provides deeper empirical 
insights on when CST might be a superior testing technique by identifying concrete favoura-
ble instances for the use of CST. By specifying effectiveness as well as direct and extra costs 
of CST, the dissertation also provides an overview of the factors test managers need to con-
sider when assessing the use of CST in their department. For instance, CST is very valuable 
when testing software that is intended for a broad/public user group, and for multiple plat-
forms/devices, and user feedback is welcomed or required.  

Secondly, the dissertation identifies and presents three approaches for conducting CST – test-
ing with external crowds, testing with employees, and testing with customers. Moreover, 
based on these CST approaches, the dissertation provides three generic approaches to adapt 
crowdsourcing for software testing. These strategies guide test executives and provide help 
with regard to adaptation of crowdsourcing in their IT department. The thesis also provides 
insights of underlying organizational factors that drive the implementation approach; for ex-
ample, data security and privacy regulations are the main drivers for applicability and effec-
tiveness of CST. The CST approach is heavily determined by the criticality and sensitivity of 
the data required for testing. Given certain regulations, not all CST approaches may be suita-
ble and thus change the CST approach and adaptation strategy. 

Thirdly, the dissertation offers practitioners concrete guidelines on how to get started and 
have initial contact with CST in their organization. These five guidelines are based on expe-
riences with many different companies, intermediaries, and different CST approaches and are 
targeted for chief information officers and other organizational leaders as to how to implement 
crowdtesting. They give detailed instructions of how to build CST expertise and competence, 
starting from scratch, without the risk of investing too much money. For instance, the guide-
lines suggest starting a small pilot project to ensure that the involved stakeholders can focus 
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on CST to gain as much experience as possible. This helps to minimize risks, as well to pre-
vent any potential negative setbacks when experimenting with CST. 

Fourthly, the dissertation provides an activity model as a guideline with precise action, taking 
in crowdsourced software testing projects for test managers to enable CST in their department. 
The model details the necessary tasks, as based on the CST approach, and thereby supports 
the test managers in executing CST in their departments. The activity model was developed, 
and applied, with many different organizations and CST settings. The model consists of sev-
eral activity bundles that are executed, either by a test manager or by an intermediary, under 
various circumstances depending on the type of CST. Using the model, test managers are, 
therefore, able to identify activities regardless of the CST approach. For example an organi-
zation conducting CST with its own employees, on their own infrastructure, has no need for 
an intermediary and thus no need to assess, interact, and manage the intermediary. Subse-
quently while this module becomes obsolete, other modules that are traditionally performed 
by an intermediary, such as crowd management, become relevant for the test manager. 
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14 LIMITATIONS 
The aim of this dissertation is to examine the performance of CST, and its organizational 
implementation, in order to theoretically and empirically contribute to the understanding of 
crowdsourcing for complex tasks such as software testing. While the applied methodological 
approach seems to be the most appropriate for examining this research topic, there are still a 
number of limitations related to the applied research methods. I will briefly outline the limi-
tations in this section.  

Firstly, there are several limitations when conducting a literature review. These are the re-
stricted scope of the literature review, the selection of the included papers, and the extraction 
of the contained information. Naturally, there is always a trade-off between completeness and 
practicality in a literature review (vom Brocke et al. 2015). Another limitation is that the 
choice of databases, and the selection of the included literature, is influenced by interpretation 
despite the fact that I based the selection on objective criteria. Finally, since the review pro-
cess included the selection of the identified papers based only on their title, keywords, and 
abstracts, the information were limited. Similar to the selection of databases, objectivity of 
the findings might be challenged by the extraction of the included information. 

The case study approach is also not without its limitations. Although our study design was 
supposed to produce generalizable results, due to employing two comparable case studies and 
rigorous analysis of the obtained data, there is still the possibility that the results are skewed 
due to a bias of the researchers and the interviewees. On top of that, the data was collected at 
one point in time. My results, however, indicated that a crowdsourcer quickly capitalized on 
learning effects that could not be sufficiently covered in the frame of the research. Therefore 
a longitudinal study might reveal other, or additional, valuable insights with respect to the 
evolving “crowdsourcing capabilities” over time. 

Finally, there are several aspects that must be considered when engaging in action research 
(AR). In its nature, action research does not strive for statistically generalizable explanations, 
or the prediction of coherences, but the joint understanding and learning by researchers and 
subjects, as well as the changing of actual conditions, based on a real-world problem. Action 
research is, therefore, often considered to be less scientific and less rigorous than other re-
search methods. In this vein, many scholars argue that it is difficult to make theoretical con-
tributions from AR-based investigations. While these may be valid concerns, Avison et al. 
(2017) argue that most of these arguments are rather “myths” then real issues when AR is 
conducted properly. Action research is, of course, not without its shortcomings, as is the case 
with every research method, and it may deliver weaker theoretical contributions. However, it 
is very well suited to demonstrating the growing requirement for research and to show rele-
vance and impact as well as rigor when carried out correctly. 
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15 IMPLICATIONS FOR FURTHER RESEARCH 
I researched crowdsourced software testing for more than three years. Through cooperation 
and interaction with many different organizations seeking to learn how to use CST, I was able 
to gain the deep insights that were necessary to thoroughly answer the research questions. 
Despite the findings and contributions of this dissertation, and the work of many other schol-
ars, there are still multiple things we do not know, and thus many avenues for future research. 
In this section, I will outline possibilities for future research. In particular, I suggest a demand 
for research with respect to three issues: (1) conceptualization and real-world context of CST; 
(2) underlying performance factors of crowds and individuals in CST; (3) design principles 
for CST systems; (4) crowdsourcing in software engineering, and (5) integration of CST into 
existing software testing/software development frameworks. 

First of all, in order to gain more relevance, and to explore the topic further, qualitative case 
studies, and a conceptualization in a real-world organizational context, are necessary for CST. 
Although many scholars have applied CST in different scenarios they contribute to 
knowledge, for instance by providing best practices (Hoßfeld and Redi 2015), and demon-
strate that CST is in fact applicable and feasible. However, these studies have oftentimes been 
conducted in specific contexts and therefore only provide limited generalization and transfer-
ability into a real-world context. While this dissertation offers initial studies within a real-
world context and under real-world conditions, including corresponding restrictions and con-
straints, more work is needed in order to explore the complex nature of CST and its different 
forms. Much more work is needed to achieve a certain robustness of results, and thus to be 
able to compare crowdsourced software testing with testing by test experts, traditional lab 
usability testing, outsourced testing, or even test automation. Therefore one avenue for future 
research is to provide a conceptualization and real-world context, (i.e. comparability to other 
test types), especially for organizations that intend to use CST.  

So far, little is known about the factors, which influence the performance of crowdsourced 
software testing. Scholars have made great strides, and this dissertation identified various 
papers investigating potentially important factors in the process, such as crowd composition 
(Leicht et al. 2016d), guidance throughout the process (Tung and Tseng 2013), and time con-
straints (Mäntylä and Itkonen 2013). However, there is no comprehensive overview or con-
ceptualization regarding the factors influencing the performance of CST. I encourage scholars 
to further examine the performance influencing factors to build a theory of explanation on 
CST performance (e.g., why is a particular factor influencing the performance). 

Thirdly, most papers examining CST are in the field of software engineering, with this dis-
sertation being the exception to this rule. It is therefore unsurprising that many of the papers 
develop prototypes (e.g., Su and Pan (2016), Yan et al. (2014)) or attempt to optimize parts 
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of the CST process with algorithms (e.g., test report prioritization Wang et al. (2016)) to in-
crease the feasibility and cost efficiency of CST. These solutions, however, are practical ex-
amples, while the underlying design principles of such prototypes of CST systems remain 
unknown. Scholars should attempt to identify the underlying process steps and design princi-
ples for different CST systems as the first step in developing a theory of design and action. 

Software testing is an integral part of the software development process. Due to the complex 
nature of software testing, the modularizability of this, and the interdependence with other 
activities in software development, I argue that much of the knowledge from this dissertation 
is transferable to other activities in the development process. This includes code production 
or even earlier stages of development, such as design evaluation and requirements elicitation. 
I impel researchers to synthesize the existing knowledge of these different areas in to create 
a knowledge base for “crowdsourcing in software engineering”, thus building theories of ex-
planation and predicating crowdsourcing in software engineering. 

Another future research avenue is the integration of CST into existing software testing or 
software development frameworks. This dissertation has focused on the execution of CST as 
an isolated activity with only a few links in the activity model that point out the need for 
integration, such as the role of CST in the overall test strategy and integration of results after 
the test. Software development is a highly standardized process in most organizations, fol-
lowing frameworks such as SAFe (Scaled Agile Framework) or Scrum. Testing in these 
frameworks is also, therefore, a highly specified task with clear entry and exit criteria etc. In 
order to increase the relevance, especially for practitioners of CST, research on this topic 
could spark CST and provide valuable insights on how to technically and procedurally inte-
grate CST into existing standard software development frameworks. 
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