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Abstract. The integration of crowdsourcing in organisations fosters new mana-
gerial and business capabilities, especially regarding flexibility and agility of
external human resources. However, a crowdsourcing project involves consid-
ering multiple contextual factors and choices and dealing with the novelty of
the strategy, which makes managerial decisions difficult. This research address-
es the problem by proposing a tool supporting business decision-makers in the
establishment of crowdsourcing projects. The proposed tool is based on an ex-
tensive review of prior research in crowdsourcing and an ontology that stand-
ardises the fundamental crowdsourcing concepts, processes, dependencies, con-
straints, and managerial decisions. In particular, we discuss the architecture of
the proposed tool and present two prototypes, one supporting what-if analysis
and the other supporting detailed establishment of crowdsourcing processes.
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1 Introduction

Crowdsourcing is becoming a viable, popular business strategy for organisations,
which can harness human power, wisdom, information, and ideas from the external
crowd in a flexible way and a short period of deployment time [1, 2]. This popularity
can be demonstrated by the increasing number of organisations adopting the
crowdsourcing strategy and revenues brought by the crowdsourcing market. The list
of organisations that successfully adopted crowdsourcing is long, including big com-
panies like iStockPhoto, Amazon, Threadless, Colgate-Palmolive, Unilever, L’Oreal,
Eli Lilly, Dell, and Netflix [1, 3]. Regarding market revenues, a recent report shows
that the enterprise crowdsourcing market grew 53% in 2010, 75% in 2011, and was
expected to double in 2012 [4]. Likewise, crowdsourcing has been expanding to dif-
ferent fields including software development [5], marketing [6] and hospitality [7].
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As a response to this popularity, organisations are struggling to assimilate and
standardise business processes around this strategy, a movement that has been coined
Business Process Crowdsourcing (BPC) [8, 9]. BPC can be seen as a traditional set of
organisational activities done by crowdsourcing entities, plus the coordination of the
entire business process. By establishing BPC, organisations can integrate the
crowdsourcing strategy with their day-to-day business processes, being “able to seam-
lessly bring together the crowd, individual actors, and the machine” [10]. Thus, it
enables incorporating the crowdsourcing capabilities within the organisational value
proposition [11].

Although the advantages of crowdsourcing to organisations have already been
highlighted by several researchers [8, 12], only recently have there been noticeable
efforts researching BPC [10, 11]. Even though they investigate the BPC phenomenon
from different angles, these studies consistently suggest that, in the long run, BPC
needs to be established as a continuous organisational process, which requires sys-
tematic management of the strategy. Aligning with these efforts, we have conducted a
3-year research project that focused on BPC from a managerial decision-making per-
spective. We started the project by reviewing the existing crowdsourcing literature
and eliciting the main BPC concepts, activities and contextual factors. We then articu-
lated all these elements into a decision framework consisting of three phases: decision
to crowdsource, process design, and system configuration [9].

Based on this framework, the project then investigated how to support managerial
decisions in each phase. More precisely, we articulated the several factors, relation-
ships, decision choices, and recommendations suggested by existing literature in the
decision framework. In this way, the project analysed and conceptualised the decision
to crowdsource [13] and the various design and configuration options [9]. Besides
conceptualisation, we have also developed a more formal BPC ontology, which con-
sists of more than 100 domain concepts, relationships and rules [11]. The ontology
itself highlights the complexity inherent in establishing a BPC process.

The next logical step in our research consists of helping decision makers—project
managers, business analysts, and process designers—making analytical decisions in
the crowdsourcing establishment. This type of support is within the typical domain of
Decision Support Systems (DSSs) [14, 15]. As a part of our research project, the cur-
rent study aims specifically at developing a decision tool supporting the establishment
of BPC. Given the above discussion, the tool should be beneficial by supporting man-
agers on not only the decision to crowdsource or not [13], but also the various incon-
spicuous decisions that follow the decision to crowdsource, which include design and
configuration issues [10]. Building on the BPC ontology, the tool emphasises strategic
decisions, extending the managers’ capability to make informed decisions about the
entire BPC process.

Considering the impact of Design Science on DSSs [14], our study follows a De-
sign Science paradigm [16, 17]. In particular, this paper reports the development of a
crowdsourcing decision tool, viewed as a design artefact. To provide a solid
knowledge base for building this artefact, the study relies upon the BPC ontology
previously developed by the project [11]. This knowledge base is integrated with the



tool’s architecture. By doing so, the tool consolidates existing research knowledge in
a structured decision-making process.

By doing so, the current study should benefit both practitioners and academics.
From a practical point of view, the study provides a computer-based tool supporting
organisations in establishing crowdsourcing strategies. From an academic point of
view, the tool investigates the establishment of BPC at the concrete decision level,
and thus complements prior conceptual efforts [11, 18]. Furthermore, since the tool is
based on a BPC ontology [11], its development responds to the call for a more inte-
grated and holistic view on crowdsourcing research [19, 20].

2 Literature Review

2.1 Identification of Problems

The concept of crowdsourcing was first introduced by Howe [2] in 2006. By that
time, researchers discussed and explored what the concept means and its potential
applications [6, 19]. These efforts contributed to an initial conceptualisation of
crowdsourcing, usually referred to as a process utilising the members of the crowd
and the Internet with the purpose to fulfil ad hoc tasks. They also discussed the appli-
cation of crowdsourcing strategies in several areas including information processing,
idea gathering, design [21, 22], and supporting decision making [23].

From an organisational point of view, crowdsourcing may consist of regular activi-
ties performed by internal employees and ad hoc activities performed by the external
crowd [1]. Thus, there is a need to seamlessly integrate these activities into an organi-
sational workflow or BPC [8, 9]. Such integration helps organisations become more
efficient, as pointed out by Tranquillini et al. [10]. By integrating crowdsourcing pro-
cesses in existing business processes, they can be built on top of existing business
process management (BPM) technology and information systems [10]. Furthermore,
this integration helps crowdsourcing to become a more mature technology for organi-
sations to exploit [24, 25].

However, the establishment of BPC is not a straightforward task. The existing lit-
erature highlights several issues and challenges related to this establishment [5, 22].
For instance, Djelassi and Decoopman [22] suggested that it is not a simple, but a
rather complex process. These authors viewed the process as requiring the coordina-
tion of several business components, including infrastructure, incentive mechanisms,
the crowd, customers, and also the financial viability. In a similar vein, Tranquillini et
al. [10] identified a variety of options and configurations for BPC integration. Recent-
ly, Thuan et al. [11] synthesised the components, processes, activities, and data enti-
ties necessary for this integration from an ontological point of view. They noted the
diversity of related concepts, hierarchical relationships, decision-making relation-
ships, and business rules related to BPC. Given this complexity, a critical challenge is
how to help organisations establishing BPC.

DSSs help organisations making decisions about wicked problems like BPC. In the
crowdsourcing field, a few exploratory DSSs have been developed. Geiger et al. [20]
proposed a foundation for constructing a recommendation system matching individu-



als in the crowd with types of crowdsourcing tasks. Recently, Prokesch and Wohlen-
berg [26] developed a DSS that processes results from the crowd. Although these
systems can support certain aspects of crowdsourcing, they are mainly focused on
very specific functions like task assignment [20] and results aggregation [26], rather
than the whole integrated process. Consequently, there is still a need for a DSS tool
supporting the entire BPC process. From the discussion in this section and the intro-
ductory section, we note that such tools should accomplish the following require-
ments:

— Assist managers deciding how to establish a BPC strategy or not. This assistance
should be given as guidelines and recommendations.

— Build a comprehensive, integrated view of BPC. In other words, the tool should
support the integrated BPC process, not individual activities. Several DSS studies
suggest that such an integrated view can be achieved by using sound domain on-
tologies [27].

— Support micro-decisions related to the BPC process, including process design and
configuration. Within each component, the (sub) issues, their alternatives and
guidance to choose among these alternatives should be specified.

— Provide a means for the effective processing and presenting of knowledge related
to the establishment of BPC.

2.2 DSS View

Decision Support Systems is a research area with a long history in Information Sys-
tems (IS), which can be traced back to Simon’s intelligence-design-choice model
developed in 1960 [15]. In this research area, the focus is on supporting and improv-
ing decision-making for wicked, normally semi-structured and unstructured decisions
[14]. The term ‘support’ is important in DSSs, since these systems are not meant to
replace decision makers, but help them extend their capabilities and make more in-
formed, better decisions [15]. Normally, this support requires integrating domain
models conceptualising the application domains, which helps decision makers to un-
derstand and explore different decision options.

Due to the long history, a large number of DSSs have been studied and developed
in IS and its related fields for various endeavours [14, 28]. To structure these systems,
several taxonomies have been proposed. Power [28] suggested five types of DSSs
including data driven, model driven, knowledge driven, document driven, and com-
munication driven, whose names reflects the main foundation backing the DSS. Re-
cently, Arnott and Pervan [14, 29] analysed the DSS literature and developed a seven-
type taxonomy, which was based on four dimensions: dominant technology, theory
foundations, targeted users, and decision tasks. Using these dimensions, they suggest-
ed classifying DSSs into: 1) personal DSSs for individual managers; 2) group DSSs
for a group of decision makers; 3) negotiation support systems, which are group sup-
port systems but involve negotiation functions; 4) intelligent DSSs, using artificial
intelligence; 5) knowledge DSSs, which provide knowledge storage, retrieval, trans-
fer, and application; 6) data warehousing, processing large-scale (big) data for deci-



sion support; and 7) enterprise reporting and analysis systems. Positioning our tool in
these landscapes, we note our work is a personal model-driven DSS, since we focus
on supporting independent managers and base the decision support on a BPC ontolo-
gy.

Despite the variety of DSSs, the generic DSS architecture seems quite consistent.
By and large, Holsapple [30] suggested four main DSS components: language com-
ponent, presentation component, knowledge component, and problem-processing
component. The language component processes user inputs. The problem-processing
component tries to identify, analyse, and model the problem, which provides infor-
mation, alternatives and advice for addressing the problem. This process is based on
the knowledge component, which stores knowledge related to the problem. The out-
put from the DSSs is presented to decision makers by the presentation component.
Seref and Ahuja [31] proposed a similar architecture grouping the language and
presentation components into a graphical user interface (GUI), and divided the prob-
lem-processing component into model and database aspects. Since the components
proposed by Holsapple [30] seem to clearly separate the major concerns, we adapted
this schema to structure the proposed tool, which is discussed in Section 4.

3 Research Overview

The tool development follows the Design Science paradigm [16, 17], which has been
adopted by many DSS developments. The links between DSSs and Design Science
have been highlighted by prominent academics in both fields. In DSSs, Arnott and
Pervan [32] argue that most DSS developments somehow correspond to what Hevner
et al. [17] define as a design artefact. Even Hevner et al. [17] in their seminar paper
demonstrated Design Science using three artefacts, of which two are DSSs. In Design
Science, research mainly aims at developing artefacts solving wicked problems [16,
33]. Hevner and Chatterjee [16] demonstrate that development processes should be
simultaneously relevant and rigorous. For the current study, while the tool’s relevance
has already been clarified and discussed in the literature review section, it is more
challenging to fully demonstrate rigor.

Since crowdsourcing is an emerging field [1, 20], there are (at least) three chal-
lenges related to rigor. First, having recently conducted a review of crowdsourcing
literature [9], we could not find a prevailing crowdsourcing theory that could be used
as a rigorous knowledge base for development. Second, like other emerging and very
dynamic research fields, different and sometimes conflicted findings can been found
in the crowdsourcing research literature [20], which affects any attempts to fully justi-
fy every step of the tool development. These two challenges lead to the third one,
which is related to the artefact’s internal validity. More precisely, it is challenging to
describe concepts formally and demonstrate logical assertions when a common under-
standing of BPC is still lacking, a dominant theory is missing, and the field is imma-
ture.

The current study addresses these challenges from two perspectives: a knowledge
base perspective and a software development perspective. Regarding the former, we



recognise that further consolidation of domain knowledge is necessary. Multiple re-
searchers have suggested that domain ontologies help with constructing and consoli-
dating domain knowledge [34, 35]. More precisely, they posit that, as conceptual
modelling techniques, ontologies may formalise the domain and ease communication
among different parties [36, 37]. While agreeing with these, we suggest also consider-
ing ontologies in the context of DSSs. In DSSs, Miah and von Hellens [27] used on-
tologies as knowledge components for “structuring and representing problem specific
knowledge into a knowledge repository”. Aligning with these authors, we developed
our tool based on a BPC ontology [11].

From the software development perspective, an appropriate software development
method is necessary to deal with the immature nature of the field. The current study
follows Lim et al.’s [38] suggestion to adopt a rapid prototyping method. This method
deals with complexity through iterative development and revision of a few prototypes
[39], and allows traversing the tool’s design space [38]. Prototyping is appropriate for
DSS development, as suggested by Miah et al. [40] regarding the development of an
expert system supporting rural business operators, and Antunes et al. [41] regarding
the development of a decision tool supporting geo-collaboration.

In short, the ontological approach and prototyping method both help with consoli-
dating the domain knowledge and iteratively understanding and developing the tool.
These two perspectives are further detailed in the following sections, where we de-
scribe the tool’s architecture and development details.

4 Tool Architecture

The tool’s architecture is based on the components proposed by Holsapple [30] (Lit-
erature Review section). As shown in Fig. 1, the architecture has three main compo-
nents: GUI, problem processing component, and knowledge component. The GUI
component enhances the interaction between the tool and its users, i.e. managers and
process designers, who make decisions on adopting and designing BPC processes.
This component accepts parameters from the users. It also helps validating them by
providing explanations about the parameters drawn from the domain knowledge and
ontology. These inputs are processed by the problem process component, where pa-
rameters are used to formulate the problem and the associated context. Furthermore,
the problem process component controls input flows by choosing and adapting what
elements the GUI presents. It also manipulates data entries based on the knowledge
component.
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Fig. 1. Tool’s architecture (adapted from [30])

The knowledge component adopts an ontology built in our previous research. Fig.
2 presents a lightweight view of the BPC ontology. The heavyweight ontology and its
details can be found in [11]. As presented in Fig. 2, the knowledge component con-
sists of descriptive and reasoning knowledge. Regarding descriptive knowledge, it
provides definitions and descriptions of concepts that have to be considered in the
decision-making process. It also includes a hierarchy of relationships among the (sub)
concepts (presented as ‘include’ and ‘categorise’ relationships in Fig. 2). Reasoning
knowledge provides business rules constraining these ontological elements.

Using the knowledge component, decision-makers can perform what-if analysis by
comparing the knowledge specified by the ontology with the expressed input parame-
ters. In this way, the ontology serves as a knowledge base capturing the basic profiles
of crowdsourcing projects, which can be adapted based on project conditions and
intervention plans. Through this adaption, the decision tool can detect ontological
inconsistencies in the available data of the crowdsourcing project. As a result, it pro-
vides advice on how to set up a crowdsourcing strategy for a particular organisational
context, and configure the process details, which in turn are presented as GUI’s out-
puts.
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Fig. 2. A lightweight ontology of BPC [11]

5 Tool Development

Following the rapid prototyping method, tool development consisted of two phases:
spreadsheet-based DSS and web-based DSS. The spreadsheet development demon-
strates domain knowledge articulation, transferring knowledge drawn from the ontol-
ogy into computer-based formulations. Seref and Ahuja [31] suggest that spreadsheets
are useful tools for modelling and developing DSS. Fig. 3 shows the spreadsheet
component supporting the decision to crowdsource or not. In spite of visual austerity,
the prototype implements all three architectural components. A question and answer
section gathers parameters about the BPC organisational context. These parameters
are then processed and transferred to a back-end sheet where the ontology elements
are applied. This back-end sheet implements the knowledge component. After
knowledge processing, several recommendations are provided by the tool (the ‘Ad-



vice’ area in Fig. 3). Besides Fig. 3, the spreadsheet tool also has another sheet that
supports BPC process design and configuration.
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Fig. 3. Spreadsheet-based tool on the decision to crowdsource

Using this spreadsheet, we performed several what-if analyses generating a range
of probable outcomes of the BPC project. This type of analysis allowed us to review
and adjust the ontology implementation. Of course this prototype had its own disad-
vantages, especially regarding the limited utilisation of the knowledge base, and in
particular the difficulties navigating between the decision to crowdsource and BPC
design and configuration. The web-based prototype addresses these concerns.

5.1 Web-based Prototyping

The web-based prototype was developed as an improved and revised version of the
spreadsheet prototype. This prototype, which was implemented using Php and
MySQL, provides wider access to the knowledge base. The entity-relationship model
(implemented with MySQL) enables more systematic information management. Fur-
thermore, data structures were added to support project management. For instance, a
user can create multiple BPC projects, each of which supports a particular organisa-
tional context and a particular phase of BPC. The database structure is presented in
Fig. 4.
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Fig. 4. Data structure of the web-based prototype

The prototype consists of two decision functions, supporting the decision to
crowdsource (Fig. 5) and design process of BPC establishment (Fig. 6). More precise-
ly, the former provides a check list of decision factors and analytical advice on mak-
ing the decision to crowdsource. The latter specifies the design process of BPC, which
helps to organise its establishment in an appropriate structure. To keep the prototype
consistent, the user-interfaces of the two functions are consistently designed and or-
ganised in five areas (Fig. 5 and Fig. 6). The right-hand-side is dedicated to provide
an overview of the decision to crowdsource and BPC design process. The left-hand
side is divided into four areas with inputs and outputs. In the input area, the tool al-
lows users to choose a design issue. After choosing a particular issue, an explanation
and a pre-defined parameter are presented. If the user changes the parameter, advice
will be provided. This prototype is currently being tested.
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Fig. 5. A web-based tool: a screenshot on the decision to crowdsource
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Fig. 6. A web-based tool: a screenshot on the process design of BPC establishment

6 Discussion and Conclusion

DSSs may help organisations adopting and configuring novel, complex business pro-
cesses like crowdsourcing. Adopting the Design Science paradigm, this study devel-
oped a DSS supporting managers addressing the complexity of BPC projects [8, 12,
42]. Unlike the existing decision tools in the crowdsourcing domain [20, 26], which
focus on individual aspects of BPC, the current study adopted an ontological approach
for developing the DSS. As a result, the developed tool can support the whole, inte-



grated BPC project, from the decision to crowdsource or not to process design and
configuration.

Considering the emerging nature of the field [1], which increases the complexity of
developing such a tool (especially demonstrating rigor), a prototyping development
method was chosen [39]. We developed the tool architecture consisting of three main
components: GUI, information processing component, and knowledge component.
This architecture was utilised in two prototype implementations: spreadsheet-based
and web-based. While the spreadsheet-based prototype allowed us to experiment with
several crowdsourcing scenarios and analysing the parameters and recommendations
provided by the ontology, the web-prototype is targeted to project and business man-
agers, and process designers, who make managerial decisions in organisational con-
texts. Thus, the two prototypes make complementary contributions to research and
practice.

Our research contributes to the current knowledge by building a decision tool for
BPC, and thus validating an ontology of BPC [11]. More precisely, it structures con-
cepts, relationships, business rules, and what-if scenarios of BPC into two computer-
based prototypes. From a Design Science perspective, implementing these prototypes
is an evaluation form of the ontology [43], which demonstrates the applicability of the
ontology. From a crowdsourcing research perspective, the prototypes can be seen as a
further contribution to the conceptualisation and standardisation of BPC. Since the
prototypes allow researchers to explore different BPC scenarios, they can also be used
as a research tool.

In future work, we will involve managers in using the prototypes with the purpose
to further validate the usefulness of the ontology and tool. We can also evaluate the
tool by conducting experiments. In the experiments, participants may be asked to
makes crowdsourcing decisions in specific scenarios. One group of participants will
make decisions using the tool and the other will make decision without the tool.
Comparing performance of the two groups can provide empirical evaluation on the
tool. From a system development perspective, our prototypes may be integrated with
the work by Tranquillini et al. [10], which considered more technical details about
BPC implementation. Thus, another interesting research direction is to investigate
how to connect the managerial and technical domains. This connection would provide
a system supporting organisations from the time they decide to crowdsource until the
time they instantiate a BPC process on a particular crowdsourcing platform.
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