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ABSTRACT
Crowdsourcing is an emerging paradigm that harnesses a
mass of users to perform various types of tasks. We focus in
this tutorial on a particular form of crowdsourcing, namely
crowd (or mob) datasourcing whose goal is to obtain, ag-
gregate or process data. We overview crowd datasourcing
solutions in various contexts, explain the need for a prin-
cipled solution, describe advances towards achieving such a
solution, and highlight remaining gaps.

Categories and Subject Descriptors
H.2.4 [Systems]: [Relational Databases]

General Terms
Algorithms, Languages, Design
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1. INTRODUCTION
Crowdsourcing is a powerful new project management and

procurement strategy that enables the realization of values
associated with an ‘open call’ to an unlimited pool of peo-
ple, typically through Web-based technology [6, 28, 18, 26,
22]. We focus on an important form of crowdsourcing where
the crowd’s task is to generate or ‘source’ data. Gener-
ally speaking, crowd-based data sourcing is invoked to ob-
tain data, to aggregate and/or fuse data, to process data,
or, more directly, to develop dedicated applications or so-
lutions over the sourced data. With the popularity of the
Web, we are increasingly overwhelmed by the quantity of
data that is published. Crowd data sourcing brings to light,
out of the huge, inconsistent and unverified Web ocean, an
important body of knowledge that would otherwise not be
attainable. Crowd-based data sourcing democratizes data-
collection, cutting companies and researchers reliance on
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stagnant, overused datasets and bears great potential for
revolutionizing our information world.

Wikipedia [30] is probably the earliest and best known
example of crowd-sourced data and an illustration of what
can be achieved with a crowd-based data sourcing model.
Other examples include social tagging systems for images
- which harness millions of Web users to build searchable
databases of tagged images - traffic information aggregators
like Waze [29] and hotel and movie ratings like TripAdvisor
[27] and IMDb [16].

However, fulfilment of the great potential in crowd data
sourcing has been limited to only a handful of successful
projects such as those listed above. This comes notably from
the difficulty of managing huge volumes of data and users
of questionable quality and reliability. Every single initia-
tive had to battle, almost from scratch, the same non-trivial
challenges. The ad hoc solutions, even when successful, are
application specific and rarely sharable.

This calls for a principled solution, that will allow to real-
ize crowd data sourcing more effectively and automatically,
be able to reuse solutions, and thereby to accelerate the pace
of practical adoption of this new technology that is revolu-
tionizing our life.

The development of such a principled solution is a grand
goal of research on crowd datasourcing and is the focus of
this tutorial.

We believe that database researchers are particularly well-
equipped to study the design of such a principled solution.
To understand why (and how), it is important to examine
the significant conceptual and technical challenges that need
to be addressed. The first challenge is utilizing the collected
data effectively for answering queries of interest. This chal-
lenge stems from the fact that data supplied by the crowd
may be erroneous or contradictory. Furthermore, a crowd
may be unintentionally slanted or imbalanced with respect
to general project-related philosophies, so offering a dispro-
portionate perspective and results. Query answering thus
involves the identification of correct and valuable contribu-
tions and further providing to users explanation/justification
for why these answers are estimated to be correct. A second
challenge is identifying what kind of user input would be
helpful and which users could be asked to supply it. This
challenge involves knowing which of the already contributed
data pieces require validation, which pieces are still com-
pletely missing, and which users and contributions are likely
to be more reliable/enriching. (Incentives are also an issue
here). A key difficulty here lies in the recursive dependency
between these two challenges: to motivate relevant users to
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contribute in a helpful manner, we must know which data
pieces may be incorrect; but, to determine this, we need to
know whether the contributing users are trustworthy, this
in turn depending on the estimated correctness of their con-
tributions.
Scaling is particularly important here. We are accustomed

to a world with billions of Web pages; we must now get ac-
customed to a world in which the number of facts is counted
in teras. Given the large volumes of data involved, there is
no way to have a human verify and correct crowd-sourced
data; rather, we must develop automated processes that do
the bulk, if not all, of the work. Finally, being set in a gen-
erally decentralized Web environment, data sourcing comes
with all the common difficulties of large scale Web-data inte-
gration: assembly of information that comes from different
groups, in different formats, with different first languages
and different cultures. Note however that, while we would
of course want to make the data coherently integrated, the
“noise” (seemingly inconsistent data) itself may be valuable
as it may include new unforeseen information. Contradic-
tory input here is thus both a disadvantage and a goal.
Database research has addressed such challenges related

to uncertainty, conflict resolutions, trust, recursive relation-
ships, scaling, data integration, etc.,through research on prob-
abilistic databases (e.g. [17, 4, 5, 10, 25]), provenance (e.g.
[15, 14, 7, 9, 8]), corroboration (e.g. [12, 21], Datalog (see
e.g. [3, 24]) and Web-based data management and integra-
tion (e.g. [2, 1, 19, 13]). Adapting the developed technology
and solutions to the context of crowd datasourcing is a non-
trivial task, but it is in our opinion a promising research
area with great potential for breakthrough results.
In this tutorial, we will describe different existing (and

missing) techniques for crowd data sourcing, in different con-
texts. Keeping in mind the grand goal of finding a principled
solution, we will identify the similarities and differences be-
tween those techniques, and in particular we will pinpoint
the common patterns in these solutions, that could serve as
desiderata of a unifying model. We will describe recent at-
tempts towards such a principled solution, and discuss them
in light of the desiderata, highlighting some gaps. Finally,
we will describe recent advancements in database research
(in particular [23, 11, 20]) that can be utilized for this effort,
discuss to what extent they account for the needs arising in
the different contexts, and identify the remaining gaps and
open problems. We will do this with illustrative examples,
relevant to data management researchers as well as practi-
tioners. Our tutorial will depict a unifying picture of the
topic, thus allowing the audience a better understanding of
the different approaches, needs, and advancements towards
a principled solution. We expect that the tutorial will en-
courage and guide research on this important area.

2. TUTORIAL OUTLINE
We next describe the main topics that will be discussed

in the tutorial.

2.1 Crowd DataSourcing
We will start the tutorial by describing the general paradigm

of Crowdsourcing, that harnesses a mass of users to perform
various types of complicated tasks. In particular, we will
overview the use of crowdsourcing for tasks such as object
recognition in images the collection of user preferences, im-
proving the quality of search engines and completing missing

information in social networks, such as tags associated with
its members.

We will then focus on a particular type of crowdsourcing,
namely crowd datasourcing, that aim to use the collective
wisdom to construct a large database of facts. In particular,
we will describe the use of games that has emerged as a tool
for crowd datasourcing. We will introduce the tasks that
crowd datasourcing typically addresses, and the proposed
solutions. We will identify common and distinguishing fea-
tures of datasourcing with respect to general crowdsourcing.

2.2 Towards a principled solution
Much research has been recently directed in the databases

community to the development of DB platforms that allow
for declarative specification of the crowdsourced data com-
ponents. These platforms are providing declarative language
support and tools to define what data will be retrieved from
the crowd (e.g. the choice of questions to ask the crowd).

In this part we will discuss the need for a declarative,
principled solution, the advances towards such a solution,
and the remaining gaps. We will start by “compiling” the
common features of crowd datasourcing into desiderata of a
principled solution. We will explain the potential benefits
We will present the recently developed declarative tools and
techniques that propose partial solution to the problem, and
identify gaps between the desiderata and the state-of-the-
art. In particular, we will highlight the need for supporting
uncertainty, provenance and recursive deduction as well as
effective means for corroborating conflicting facts.

2.3 Harnessing existing techniques
As mentioned above, there have been major advancements

towards declarative solutions for crowd datasourcing. We
claim that such solutions can be enhanced by employing
common techniques that were developed in other branches
of database research. To this end, we will briefly review
the state-of-the-art in a number of relevant areas including
management of probabilistic databases, provenance, corrob-
oration, Datalog, and scalable Web-based data management
and integration. We will highlight the potential of employ-
ing these techniques in the context of crowd data sourcing,
as well as the difficulties in this respect; and we will present
recent developments in this vein.
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