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Abstract

Individuals and organizations often face the challenge of executing tasks for which they do not have enough resources
or expertise. Outsourcing tasks to experts at a cost helps them execute it without procuring any extra resource. With
the advent of the Internet, outsourcing has become even more convenient, and in particular, online social networks have
given access to a huge crowd with plenty of diverse expertise. Today it is easy to find a group of people to collectively
solve a problem or generate a content aggregating collective knowledge, which is known as crowdsourcing in literature.
However, the design challenge is to ensure integrity of the solutions, individuals, and their strategies.

My research focuses on these kinds of problems that lie in the intersection of computer science and microeconomics. In
particular, I have looked into three key research challenges in crowdsourcing as depicted in Figure 1. I formulated them
as optimization problems under the influence of the strategic behavior of the participants, and provided mechanism design

solutions. An integral part of all these analyses is that the participants are connected over a social network, through
which they can invite their friends to join a specific mission. The tasks can be outsourced to a known set of experts or
to a loosely connected crowd. Each of them exhibits different strategic behaviors and thus the optimal solutions differ.
My research investigates the game theoretic questions in both these domains and serves to yield certain performance
guarantees while aggregating the information, skill, or effort. My theoretical study is supplemented with experimental
illustration. The mathematical tools used in the analyses are game theory, optimization, stochastic processes, statistics,
and decision theory.

Crowdsourcing

Skill Elicitation

• Stochastic skill transition,
known probability transition
matrix, dependent values
[Nath et al., 2011]

• Learning the transition proba-
bilities (ongoing work)

Structural

Manipulation

• Sybilproof mechanisms, atomic
tasks [Nath et al., 2012b]

• Non-atomic tasks with infor-
mation manipulation [Nath
et al., 2012a]

Efficient Team

Formation

• Trade-off in the information
propagation and free-riding
in hierarchies: [Nath et al.,
2012c]

• Dividing tasks to teams (ongo-
ing work)

Figure 1: Graphical overview of the research components of the Crowdsourcing problem.

1 Motivation and Research Objectives

Aggregating the knowledge from a pool of individuals in order to perform a task has come to be popularly known as
crowdsourcing. The individuals in a crowd are of varied expertise and they are often socially connected in the form of
a network. The list of examples of crowdsourcing is rather long. Posting tasks on Amazon Mechanical Turk or oDesk,
asking questions on Yahoo! Answers, getting user inputs for ESP game, Netflix challenge, DARPA Red Balloon and
CLIQR quest challenge are all examples of task executing that leverage the collective knowledge of the crowd.

My research focuses on the setting where a designer tries to efficiently execute a task with the help of a network-
connected strategic crowd guaranteeing certain design goals. Examples include tagging an image or a document on
Amazon Mechanical Turk, locating an object, e.g., the red balloons, or providing answer to a query in query incentive
networks etc. The design goals I considered are that of eliciting the true skills of the workers, ensuring that the workers
do not create fake identities in order to maximize their payoff, and to form a network hierarchy that is highly productive.
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1.1 Skill Elicitation

When the workers are experts in a specific task and are well known or may previously have been engaged in business
interaction with the outsourcer, the goal of a designer is to ensure that the right set of experts are employed to the job.
The strategic experts can often deliver a sub-optimal skill. Hence the objective of the incenting mechanism should be to
guarantee that the experts perform according to their actual quality.

1.2 Structural Manipulation

In crowdsourcing, it is often difficult to authenticate the identities of each participant. In particular, a specific worker can
create multiple accounts towards the task execution and gain by doing so. Hence this branch of research in crowdsourcing
focuses on making fake node creation (also known as sybil attacks) uninteresting for the participants.

1.3 Efficient Team Formation

Networks in corporate organizations, defense, or food supply chain are often observed to be hierarchical. When a task is
forwarded to an organization, the management wants the delivery of the job at a certain minimum rate. The goal here
is to solve a joint optimization problem that considers the effects of strategic behavior among the agents connected over
a network, and also entails the benefits of having a hierarchy.

Broadly, all these questions fall under the bigger goal of designing efficient mechanisms with a strategic crowd, whose
participation is indispensable and influences the global decision.

2 My Solutions So Far

This section presents my solutions to each of the research directions discussed above. I have also highlighted the ongoing
research that extends the understanding of these problems.

2.1 Eliciting Skills of the Strategic Workers

In this setting, the outsourcer wants to select an optimal subset from a known set of experts. The experts privately
observe their skills (hidden from the outsourcer) and the goal of the incenting mechanism is to ensure that they report
their skills truthfully. I focus on the setting where experts’ qualities vary stochastically over time according to a Markov
process. Examples include outsourcing software development or manufacturing tasks to offshore locations, where the
skills of the outsourced firms vary depending on the state of the human resources. Thus, choosing an optimal set of
experts is a nontrivial problem since the experts can potentially strategize their skills to maximize their individual payoffs.
Due to the stochasticity of the skills, the optimization problem in this setting is a dynamic mechanism design problem.
The current literature addresses settings of independent values (the benefit experienced by an expert depends on the
outcome and only her private skill) and non-exchange economies (market consisting of only buyers or only sellers). Task
execution by selecting a subset of the experts fall in the category of interdependent values (the benefit experienced by a
player depends on the outcome and the skills of all the players). In such a setting, our work [Nath et al., 2011] proposes
an efficient dynamic mechanism, that is incentive compatible and induces voluntary participation of the experts.

In a more general setting, both the skill and skill transition probabilities may be unknown. My current work is
focused to this setting and addresses the mechanism design question therein. The approach of learning the skills of the
agents has also been adopted in literature. However, there is always a chance that a ‘learned good’ expert can exploit
the learning of the designer.

2.2 Structural Manipulation in Crowdsourcing Networks

An interesting problem in task crowdsourcing is that it can have false-name attacks or sybil attacks, in which the players
can increase their payoffs by creating multiple false identities of themselves. This is undesirable since it denies the right
payment to the actual contributors. We also expect our mechanism to be such that the participants do not collude and
there is a guaranteed payoff to each of the participants who actively or passively helps perform the task. We show that all
of these very desirable properties are impossible to satisfy simultaneously [Nath et al., 2012b]. We introduce approximate
versions of these properties and show that the mechanism space is non-empty. To the best of our knowledge, this is a
first attempt to design approximately sybilproof crowdsourcing mechanisms. Under certain resource critical paradigms,
some of those properties are more preferable than the others and we characterize the space of mechanisms that satisfy
those properties under cost-critical and time-critical paradigms.

The above mechanism serves as a solution for structural manipulation for indivisible tasks, which we refer to as atomic

tasks. In our working paper [Nath et al., 2012a], we extend it for divisible tasks, where any partial task or information
is also rewarded, and no agent benefits by manipulating the structure or information.
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2.3 Efficient Hierarchy Formation

The other interesting question in crowdsourcing is to understand how highly productive teams emerge from a loosely
structured population. Examples include the organizational hierarchies, where the reason for success (failure) is often
attributed to the (im)proper management. Our recent work [Nath et al., 2012c] shows that when the organization imple-
ments a certain profit sharing scheme among the individuals, some amount of free-riding phenomenon is observed. On
one hand, hierarchy brings a positive impact to develop the quality of human resources through manager-employee inter-
action, but the free-riding harms productivity. We show that there is a trade-off, and designing a hierarchy considering
the free-riding effect improves the overall performance of the organization.

3 Future Research Plan

My immediate research plan is to follow-up with the plethora of interesting directions associated with each of the above
areas. In particular, the structural and information authenticity in crowdsourcing networks promises an efficient teamwork
of time-critical missions. Similarly, the effort analysis on task distribution networks develops the understanding of the
success or failure of a networked system. As a long-term research goal, I would like to focus on the following broad areas
of information and expertise sourcing.

3.1 Learning the Skills of the Strategic Experts

I would like to understand how learning the expertise of the participants can help design an efficient outsourcing process.
This is important since in most of the real-world settings, experts may not exactly know their qualities rather experience
by doing it. The mechanism design question would be to make the outsourcing truthful for the experts even when the
skills of the experts are unknown to both the outsourcer and experts. As mentioned earlier, there is a chance that a
‘learned good’ expert can exploit the learning of the designer. An interesting question would be to understand how severe
would its impact be, and if there is any approximately truthful mechanism in such settings.

3.2 Information Theoretic Crowdsourcing

Information theory provides us the analytical techniques to find the limits of information transmission. In the domain of
crowdsourcing, we are actually interested in scavenging the true information from the strategic crowd. I am interested in
designing (exact or approximate) sybilproof mechanisms using information theoretic tools, where the best response of an
agent would be to report partial or whole information as soon as she receives it. This approach will lead us to designing
mechanisms that blends the flavor of both competition and collaboration and help the designer crowdsource information
in a time-efficient manner.

3.3 Efficient Team Building from a Networked Crowd

We all know that the crowd has a lot of potential. However, the right team formation is critical for excellence. At the
same time the team needs to be stable. In this stream of research, I would like to address the question of predicting a
stable and most efficient networked team that maximizes productivity of the overall network. To do this, understanding
the payoffs to the contributors in the team is essential. Also, we need to borrow tools from matching theory for a stable
matching. This approach will help connecting the right set of workers to appropriate managers and improve the output
by predicting an equilibrium where the organization becomes stable.

Conclusions

The game theoretic problems arising in the Internet and network economics and their mechanism design solutions are
interesting on their own right. This report summarizes my current research and contributions applied to the strategic
task outsourcing problem. The research shows the benefit and challenges of task outsourcing on a network. In all of
these paradigms, there are plenty of exciting new questions that I plan to address in my future work.

References

Swaprava Nath, Onno Zoeter, Y. Narahari, and Chris Dance. Dynamic Mechanism Design for Markets with Strategic Resources.
In Conference on Uncertainty in Artificial Intelligence, 2011.

Swaprava Nath, Pankaj Dayama, Dinesh Garg, and Y. Narahari. Synergistic Crowdsourcing. Working Paper, 2012a.

Swaprava Nath, Pankaj Dayama, Dinesh Garg, Y. Narahari, and James Zou. Mechanism Design for Time Critical and Cost
Critical Task Execution via Crowdsourcing. In Workshop on Internet and Network Economics, December 9 – 12, 2012b.

Swaprava Nath, Balakrishnan Narayanaswamy, Kundan Kandhway, Bhushan Kotnis, and David C. Parkes. On Profit Sharing and
Hierarchies in Organizations. In Asian Meeting of the Econometric Society (AMES), December 2012c.

3


