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Digital technologies have fundamentally altered the nature of organizing innovation and production
leading to open collaboration ecosystems. Individuals self-organize in open, voluntary technology-enabled
collectives to share their enhancements to the data or collaborate on analyzing, disseminating, or
leveraging the data for many applications, from enterprise computing to mobile, consumer oriented
applications. ‘Big data’ is an increasingly important ‘engine’ to better understand the complex ‘nervous
system’ of open collaboration. However, we need to equip open collaboration researchers with new
datasets that span different contexts, as well as novel computational models and analytical techniques. In
this paper, we will elaborate on research questions concerning open digital collaboration and derive the
data analytical challenges that need to be addressed to answer these research questions.
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1. Introduction

Digital technologies have changed the fabric of organizations,
triggering novel organizational forms. Innovation and production
are not confined to established organizations with clear cut bound-
aries. Individuals self-organize in open, voluntary technology-
enabled collectives to share data and knowledge and to jointly
create novel solutions for a bewildering array of applications. With
these geographically dispersed groups the idea of open source has
moved beyond open source software. Manifold types of these col-
lective forms of innovation and production have emerged in which
a large number of actors interact and create goods across multi-
ple platforms, contexts, and timelines. These systems increasingly
relate to socially significant domains such as health support or
eScience. We refer to them as ‘open collaboration’ systems for in-
novation and production [24,7,11] and argue that they are dynamic
sociotechnical systems for two reasons: (1) they are fluid and
(2) work, organization, and technologies are intertwined within
them [31]. Wikipedia, Amazon review systems, science network
NanoHub.org, and CancerCare.org are just a few examples of open
collaboration. Their emergence stimulated researchers to study
their nature.

However, most contributions fail to move beyond existing theo-
ries and routine application of research tools to tackle the dynamic
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and sociotechnical reality of open collaboration [13,29]. We argue
that ‘big data’ is an increasingly important ‘engine’ to make this
turn and to better understand the complex ‘nervous system’ of
open collaboration. The interaction in digital environments creates
a gigantic stream of behavioral data that provide novel research
opportunities to move beyond outdated theories. To do so, we
need to equip researchers of open collaboration with new datasets
about dynamic sociotechnical processes that span different con-
texts and users, with novel analytical techniques, and with an
efficient and effective research infrastructure to support the de-
velopment of novel empirically grounded theories and predictive
models.

1.1. Open collaboration - an emerging research area of high significance

Open collaboration (OC) relies on a large number of goal-
oriented yet loosely coordinated participants, who interact to cre-
ate a product (or service) of economic value, which is made avail-
able to contributors and non-contributors alike. Indeed, OC will
have significant economic as well as social impact [24,2,20]. Schol-
ars in social and behavioral science and economics have started
to address the emerging phenomena from different angles and
present relevant empirical insights. For example, research draw-
ing upon network theory tackles structural characteristics of large
OC networks and also presents new insights in the role of author-
ity, reputation, and trust in OC [28]. Contributions in organizational
studies and information systems have revealed deeper insights into
the factors that motivate individuals to contribute, and the social
value they might have [13].
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1.2. Research gaps and challenges

While this work on OC makes important contributions, major
significant gaps remain in understanding, explaining, and predict-
ing the dynamic and sociotechnical nature of OC. Our own research
and results from an expert workshops with a community of so-
cial science researchers performed in the KredibleNet project [29,
26| suggest three research major areas that call for a multidisci-
plinary research approach to move beyond a few outdated theories,
a snapshot of data without context, and routine tools:

1. Capturing the multilevel, multimodal and the dynamic nature of
roles in OC through multi-modal and pattern data. OC often im-
plies the interaction of a very diverse set of actors embedded
in different contexts, technological platforms and subpopula-
tions. OC is a multimodal and pluri-actor process connecting
people through the products and services they create [3,10,31].
Such multi-modal networks form around ties between individ-
uals, their resources, and multiple goods, rather than social re-
lationships [29]. The phenomenon of OC is not confined to one
context as individuals are embedded in different contexts and
subgroups. Thus, it is crucial to consider linked datasets cover-
ing different perspectives and communities hosted on different
technological platforms or connected through different goods.
In addition, roles are dynamic, fluid, and often enacted in the
moment. Thus, a simple structural perspective is not enough.
Novel analytical techniques that capture dynamics and con-
sider the interrelation between individual behavior, goods, and
group activities offers create opportunities to tackle this gap
and understand the inner working of OC.

2. Acknowledging and unwrapping the constituting role of technol-
ogy in OC through novel data and analytics. Researchers regu-
larly ‘blackbox’ technology even though it holds a constituting
role [6,27]. A deeper understanding is thus required of how
technological features act as “shapers” of behavior, and enable
them to solve complex social problems or create novel ser-
vices. Indeed, existing OC environments make use of sophisti-
cated features such as recommendation systems (e.g. Amazon
review), or visualization techniques (e.g. tag clouds, network
visualization) but little is known about how different descrip-
tive or predictive features shape collaboration. Neither do we
have sufficient data and analysis about user and technology in-
teraction nor do we sufficiently understand their effect. We re-
quire novel data-driven research that captures micro-level data
about technologies in different contexts and environments in
order to develop novel theories, explanations of collaboration
and innovation in OC.

3. Unpacking the dynamic drivers of performance and sustainabil-
ity of OC through novel computational models and analytics. OC
has significant implications on established assumptions about
organizational forms and their performance implications for
firms, society, nations, and beyond. With the increasingly dig-
ital economy, the open and collaborative models become eco-
nomically more viable [2]. At the same time, there is insuffi-
cient understanding on what ensures sustainability of OC and
the dynamics that drive innovation and performance within it.
The availability of longitudinal data and novel computational
models that unpack the complex dynamic processes within OC
would provide novel insights about how such systems evolve
and sustain themselves. Today, we lack a deep understanding
of the dynamics at multiple levels.

It is critical to address these challenges and opportunities. How-
ever, we need to encourage researchers to take turn and move
beyond a few theories, a snapshot of data, and standard research
tools. Thus, we need new datasets about dynamic sociotechnical

behaviors and novel tools and an efficient and effective research
infrastructure to break new grounds in explaining and predicting
OC and its impact on innovation.

1.3. Data, infrastructure and novel computational models and
analytical tools

Addressing the gaps and data opportunities mentioned above -
and the manifold research questions that may arise within them
- requires novel datasets on OC embedded in a collaborative in-
frastructure, and a portfolio of research tools and computational
models to analyze this data. There are three major building blocks:

1. Datasets: There are today many datasets that can be leveraged
for research in the area of OC, including existing and pro-
cessed data on Wikipedia, open source software development
platforms, OC systems forming around platforms like Open-
Data.gov, as well as data on virtual science infrastructures like
NanoHub.org, and open innovation networks like Ninesights.
It is crucial however that new datasets be made available,
possibly through derivation from existing datasets by mining,
experiments, novel processing, and existing and new datasets
be linked to create context-rich datasets.

2. Computational and analytical tools: There is today a large num-
ber of such tools, including metanetwork models, network
discovery, dynamic and predictive statistical network analy-
sis, genetic computation, network analysis algorithms, agent-
based simulations, sequencing analysis and statistical predic-
tion, event study tools, and collaboration and visualization
tools. It is critical however that such tools be easily integrated
and made available on unified digital platforms.

3. Collaborative cyberinfrastructure: Their goal is to serve as a vir-
tual living lab for experiments, offering the community to
build capacity, to share data and results, and communicate
findings seamlessly across different media.

1.4. Paper organization

In what follows we first discuss the major research themes in
OC. For each such theme we identify guiding research questions
and data analytic challenges. We then discuss the relevant features
of toolkits needed to address such data analytic challenges. We will
then outline a few concluding remarks.

2. Research themes in open collaboration

Fig. 1 presents our framework that proposes a dynamic so-
ciotechnical system perspective to a roadmap towards a multi-
disciplinary research on OC and the identification of data ana-
lytic challenges. Our framework conceptualizes OC systems as a
sociotechnical system which subsume loosely individuals which
freely contribute to develop novel goods, with particular resources
and technological features [24]. It addresses three major research
dimensions, namely (1) multi-modal and dynamic roles, (2) tech-
nological affordances, and (3) the performance and sustainability
of the overall dynamic system (as well as the actors and goods
within them). These three dimensions will guide our research
roadmap.

2.1. Thematic area 1: multilevel, multi-modal and dynamic roles

In OC, individuals ‘take’ or ‘make’ different roles which shape
the products and goods that are created within OC as well as
the adoption and usage of them. Due to loose coordination of
0C, such roles are usually not assigned through formal governance
but are achieved, emerge, or are even enacted in the moment in
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