
Human–Computer Interaction Series

Macrotask 
Crowdsourcing 

Vassillis-Javed Khan
Konstantinos Papangelis
Ioanna Lykourentzou
Panos Markopoulos Editors

Engaging the Crowds to Address 
Complex Problems



Human–Computer Interaction Series

Editors-in-Chief

Desney Tan
Microsoft Research, Redmond, WA, USA

Jean Vanderdonckt
Louvain School of Management, Université catholique de Louvain,
Louvain-La-Neuve, Belgium



The Human–Computer Interaction Series, launched in 2004, publishes books that
advance the science and technology of developing systems which are effective and
satisfying for people in a wide variety of contexts. Titles focus on theoretical
perspectives (such as formal approaches drawn from a variety of behavioural
sciences), practical approaches (such as techniques for effectively integrating user
needs in system development), and social issues (such as the determinants of utility,
usability and acceptability).

HCI is a multidisciplinary field and focuses on the human aspects in the
development of computer technology. As technology becomes increasingly more
pervasive the need to take a human-centred approach in the design and
development of computer-based systems becomes ever more important.

Titles published within the Human–Computer Interaction Series are included in
Thomson Reuters’ Book Citation Index, The DBLP Computer Science
Bibliography and The HCI Bibliography.

More information about this series at http://www.springer.com/series/6033

http://www.springer.com/series/6033


Vassillis-Javed Khan • Konstantinos Papangelis •

Ioanna Lykourentzou • Panos Markopoulos
Editors

Macrotask Crowdsourcing
Engaging the Crowds to Address Complex
Problems

123



Editors
Vassillis-Javed Khan
Eindhoven University of Technology
Eindhoven, The Netherlands

Konstantinos Papangelis
Xi’an Jiaotong-Liverpool University
Suzhou, China

Ioanna Lykourentzou
Department of Information
and Computing Sciences
Utrecht University
Utrecht, The Netherlands

Panos Markopoulos
Department of Industrial Design
Eindhoven University of Technology
Eindhoven, The Netherlands

ISSN 1571-5035 ISSN 2524-4477 (electronic)
Human–Computer Interaction Series
ISBN 978-3-030-12333-8 ISBN 978-3-030-12334-5 (eBook)
https://doi.org/10.1007/978-3-030-12334-5

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-12334-5


Preface: Macrotask Crowdsourcing
for Advancing the Crowd’s Potential

Amazon’s launch of Mechanical Turk (MTurk.com) in 2005 kickstarted a new
socio-technical phenomenon and a new labor model—that of crowdsourcing.
Nowadays, MTurk is just one of several crowdsourcing platforms (à Campo et al.
2018). Such platforms bring two groups of people together: people who request a
certain task but lack the skill or the time or the human capital to complete it, aka the
task requesters; and people who wish to work on such tasks typically for a mon-
etary reward, aka the crowdworkers.

The introduction of Application Programming Interfaces (APIs) in crowd-
sourcing platforms made the process of requesting and completing tasks much
easier. These APIs have enabled the emergence of new scientific fields which
integrate human effort with computing systems. Human computation is one of these
fields, which channels human intelligence through the use of computing systems to
solve tasks that no known efficient algorithm can yet solve (Von Ahn 2008).
Collective Intelligence is another neighboring field, which couples human and
machine intelligence to solve complex problems which neither humans nor
machines can solve on their own (Malone et al. 2010).

The adoption of such platforms from large numbers of both requesters and
workers, and the introduction of APIs established crowdsourcing as a fertile ground
for researchers. However, due to the fact that widely adopted platforms like MTurk
only supported short and easy tasks, known as microtasks (from the Greek word
lijqό1, which means small) research studies so far and most industrial applications
have primarily focused on microtask crowdsourcing. To a certain extent, this focus
is rightful; microtask crowdsourcing has produced some very impressive results.
Examples include labeling images for improving image search and web accessi-
bility (Von Ahn & Dabbish 2004); editing documents for shortening and proof-
reading (Bernstein et al. 2010); captioning audio in real time for accessibility
(Lasecki et al. 2012); getting feedback on articles (Kittur et al. 2008) and designs
(Luther et al. 2014). Consequently, most industrial practitioners and researchers
today, when thinking of crowdsourcing they automatically think of a large list of
small, similar, homogeneous and relatively straightforward to complete tasks—i.e.,
microtasks.
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But not all types of work can be accomplished by breaking them down to
microtask level (Schmitz & Lykourentzou 2018). Such tasks are complex and would
yield meaningless results if decomposed, because of the many interdependencies
among knowledge domains that they entail, and the need to maintain the global
context while working on them. One can think of writing a story (Kim et al. 2016), a
news article, or defining a research methodology (Schmitz & Lykourentzou 2018).
In juxtaposition to microtasks, this type of tasks are known as macrotasks (from the
Greek word lajqό1 (makros) which means ‘long, large’), and crowdsourcing
research has just started to look into them (Haas et al. 2015, Cheng et al. 2015).
Although ground-breaking, the aforecited research in macrotask crowdsourcing has
primarily used the term to contrast microtask crowdsourcing and in regards to the
size of the task at hand, not its complexity and properties; like decomposition.

Macrotask crowdsourcing can make a more significant impact and to generate
more value compared to microtask crowdsourcing, because it directly contributes to
solving more challenging problems of both social and economic nature.
Furthermore, it also requires salient, lifelong learning skills of the future such as
creativity and critical thinking. By primarily focusing on microtasks, we are
unnecessarily limiting and underestimating the crowd’s potential.

Given the increasing interest of the research community and the industry on
what can the crowds achieve, this book is a first effort to underpin this new type of
crowd labor model that macrotask crowdsourcing represents and to collect works,
of both theory and practice, around this subject that have started to emerge. In
addition to researchers and practitioners interested in the evolution of crowd-
sourcing, it is our hope that this book will also prove useful for researchers and
practitioners who are skeptical in regards to what they currently think what
crowdsourcing is and what it can accomplish.

We initiate the book with a chapter that aims to properly define the terms
macrotask and macrotask crowdsourcing. The chapter takes into account prior work
and relevant theory, and looks deeper into the nature of the task, of worker skills and
of crowd labor management, to provide a concrete basis upon which future
researchers and practitioners can build upon. The rest of the book is divided into
three parts, which together cover a wide range of macrotask crowdsourcing topics:
Coordination and Cooperation, The Role of AI and Experts, and Macrotasking for
Social Good.

Part I: Coordination and Cooperation

In this first part, the book examines the role of coordination and cooperation in the
context of macrotasking. Coordination, in the context of complex work, is not an
evident feat. Beyond issues of different time zones, languages, and cultures (issues
that might anyway arise in microtasking) the multiple knowledge interdependencies
and interactions required among the different workers create novel coordination
challenges for macrotasks.
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The Chap. 2 aims to advance our understanding on exactly this topic. More
specifically, this chapter reviews several popular theories of coordination, examines
the current approaches to crowd coordination in the HCI and CSCW literature, and
identifies literature shortcomings. Based on these findings, the authors then proceed
in proposing a research agenda and design propositions for each of the recom-
mended theories of coordination, thus advancing our understanding of which crowd
coordination mechanisms to select when complex macrotask work in involved.

A topic close to crowd coordination is crowd control. Crowdsourcing controls
are mechanisms to align crowd workers’ actions with predefined standards to
achieve a set of goals and objectives set by the task requester. In ordinary micro-
tasking, it is usually enough to address issues of control indirectly through financial
incentives. In macrotasking, however, where the task is often performed within
groups, more fine-grained behavior influencing control mechanisms are necessary
to ensure a successful completion of the macrotask. In Chap. 3, the authors aim to
develop a better comprehension of the controls appropriate for macrotask crowd-
sourcing. To accomplish this, they present and discuss the literature on control
theory, identify a series of gaps, and put forth a research agenda to address these
shortcomings. The proposed research agenda focuses on understanding how to
design controls that are more suitable for macrotasking and the implications that
such controls have for future crowdsourcing organizations.

This part of the book ends with an exploration of cooperation among crowd
workers. Cooperation is an issue of less importance for microtasking, where
workers usually perform tasks individually, but of increasing importance in
macrotasking, where workers interact more often. In Chap. 4, the authors aim to
leverage cooperation possibilities to improve the data quality of deployed macro-
tasks. The authors analyze three use cases from the domain of situated crowd-
sourcing, and use the results of this analysis to propose the design of a novel
situated crowdsourcing platform that can effectively support cooperation without
alienating solo workers.

Part II: The Role of AI and Experts

The second part of the book examines the role that Artificial Intelligence and Experts
play in accomplishing macrotasks. As tasks become more complex, and in order to
maintain their quality and scalability, advanced AI is becoming a necessity to effi-
ciently distribute work among expert and nonexpert workers, as well as computa-
tional systems. Chapter 5 sheds light on exactly this topic. Using as an example, the
macrotask of supporting scientific research at scale, the authors review the
state-of-the-art in the intersection of crowdsourcing and AI, and outline how crowd
computing research can inform the development of intelligent crowd-powered
systems that can efficiently support macrotasking processes.
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Selecting suitable workers has always been an important issue, ever since
microtask crowdsourcing emerged. This selection is even more important in
macrotasking, where the macrotask may require different types and granularities of
expertise. In Chap. 6, the authors aim to ensure that the most appropriate workers
will participate in the available tasks of a macrotask crowdsourcing marketplace.
The authors base their work presenting two novel preselection mechanisms that
have been shown to be effective in microtask crowdsourcing, and then proceed to
discuss how these mechanisms can be used within macrotasks.

In the dawning age of macrotask crowdsourcing, should experts feel threatened?
In the final chapter of this part of the book, the authors of the Chap. 7 present a
highly reflective work of how digital technology could allow wider participation
whilst preserving the core values of academia. Crucially, they address the question:
Is academic resistance to crowdsourcing an elitist fear of the unwashed, or justi-
fiable wariness of incipient poor scholarship?

Part III: Macrotasking for Social Good

As with every technology, macrotask crowdsourcing should eventually bring a
positive development to future generations. In this part of the book, we present
three chapters that showcase the potential broad benefits that macrotask crowd-
sourcing could bring to societal challenges.

Changing behaviors is a well-known challenge both widely acknowledged in
HCI as well as other scientific fields. In Chap. 8, the authors aim to address this
challenge by studying the effects of the content, mode, and style of motivational
messages in the context of behavior change. To accomplish this, they use crowd-
sourcing for collecting a large amount of data to form an accessible database of
motivational messages. The authors then report findings on unsupervised explo-
rations of the emotional expressiveness and sound quality (signal-to-noise ratio,
SNR) of the crowdsourced motivational speech.

Providing appropriate feedback is a crucial part of the learning process in
educational setting. In Chap. 9, the authors aim to investigate how to compliment
academic feedback with crowdsourced feedback. To accomplish this, they (1) in-
vestigate complimenting academic feedback with “real world feedback” during a
course on mobile development, using HCI methods and (2) report the costs and
benefits that both staff and students should be aware of, when planning to apply
such methods.

Recent disasters due to climate change have been, rightfully so, prominently
presented in popular media channels. In Chap. 10, the authors compare and contrast
how different online communities employ crowdsourcing to aid disaster response
efforts. To accomplish this, they first interview members from Humanitarian
OpenStreetMap (HOT) and Public Lab mapping communities. Based on these
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interviews, they employ OpenStreetMap Analytics and Social Network Analysis,
and analyze community strategies and interface logistics involved in the work of
both communities.
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Chapter 1
Macrotask Crowdsourcing:
An Integrated Definition

Ioanna Lykourentzou, Vassillis-Javed Khan, Konstantinos Papangelis
and Panos Markopoulos

Abstract The conceptual distinction between microtasks and macrotasks has been
made relatively early on in the crowdsourcing literature. However, only recently
a handful of research works has explored it explicitly. These works, for the most
part, have focused on simply discussing macrotasks within the confines of their own
work (e.g., in terms of creativity), without taking into account the multiple facets
that working with such tasks involves. This has resulted in the term “macrotask” to
be severely convoluted and largely meaning different things to different individuals.
More importantly, it has resulted in disregarding macrotask crowdsourcing as a new
labor model of its own right. To address this scholarly gap, in this paper we dis-
cuss macrotask crowdsourcing from a multitude of dimensions, namely the nature of
the problem it can solve, the crowdworker skills it involves, and the work manage-
ment structures it necessitates. In view of our analysis, we provide a first integrated
definition of macrotask crowdsourcing.

1.1 Introduction

The distinction between microtasks and macrotasks was made relatively early on
in the crowdsourcing literature. Grier (2013) emphasized the skills and expertise of
workers when discussingmacrotasks which he considers as “the professional form of
crowdsourcing” and “freelancing on a global scale”,which happens in an open, public
market contrary to microtasks, which are brief tasks that do not require advanced
skills. Crowdsourcing platforms help manage the relationship between the requester
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2 I. Lykourentzou et al.

who owns the problem and the worker who will execute it, they handle payments,
and support practical challenges such as verifying the time worked. Grier, like other
authors after him, introduced macrotasks in juxtaposition to microtasks in terms of
the magnitude of the task. These works go as far as to propose a checklist for defining
a macrotask as follows: a macrotask is a task that can be carried out independently
without support by the requester, which is simple to describe with clear criteria of
completion, which has a clear and concrete deadline, and which requires special
skills that the requester’s organization does not possess. This practical and down-to-
earth guidance helps get one on the way with macrotasking but does not shed much
light into howmacrotasking differs and why it needs to be addressed differently than
microtasking.

One of the early investigations of task decomposition in crowdsourcing was pre-
sented in the case of video annotation (Vondrick et al. 2013). Video annotation is a
canonical example of a crowdsourcing task where valuable results are obtained by
combining small contributions by many crowdworkers. To assess the value of task
decomposition Vondrick et al. (2013) compared annotating video for a single object
per crowdworker which they considered as amicrotask to annotating a video segment
for a whole set of objects which they considered to be a macrotask. They noted how
video annotation of a segment for all objects may cost more time but it allows the
crowdworker to develop ownership of the result and deliver labels of higher quality.
Furthermore, errors in coding specific objects are distributed over different segments
and handled by different coworkers, while the effort a crowdworker invests to visu-
ally decode a scene is committed only once for all objects that need to be identified.
Beyond video annotation, Machado et al. (2014) discuss crowdsourcing in the con-
text of software development, where in line with Grier (2013) discussed above, they
consider macrotasks as larger thanmicrotasks and requiring specific knowledge from
the crowdworker. They propose software testing as an example of a macrotask and
discuss macrotasking practices by the Brazilian company Crowdtest or the American
Utest.

Cheng et al. (2015) is the first (and to this point the only) empirical study that
focuses explicitly on the trade-offs involved in decomposing macrotasks to micro-
tasks. They examined task performance for three types of tasks, which included
simple arithmetic, sorting text, and audio transcription. Their results suggest that
decomposing macrotasks to smaller parts, may make the total task completion time
longer but it enhances the task quality and makes work easier. The experiment and
their whole discussion considers macro and microtasks as relative descriptions, the
latter being a decomposition of the former. The macrotasks in their experiment are
very simple, namely adding 10 numbers, sorting 7 lines of text or transcribing 30 sec-
onds of audio. This helps test the decomposition decision very directly in the exper-
iment, but does not help transposing the conclusions of this experiment to situations
where leadership, creativity, initiative, coordinationmight bemanifested, as it is often
the case in what one might consider a more complex task in real life. Cheng et al.
(2015), also considered how interruptions may affect the task completion time argu-
ing that macrotasks are less resilient to interruptions. However, this result may indeed
be very specific to the nature of the experimental tasks that they used, where task
decomposition translates directly to lower demands on short termmemory—which is
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challenged during interruptions. Arguably decomposing macrotasks of much larger
scale such as creating a logo, which might take minutes or hours rather than seconds,
is not likely to produce similar gains.

Haas et al. (2015) identify quality control as one of the major challenges in set-
ting up workflows involving macrotasking. They consider macrotasks as ones that
cannot be easily decomposed, or where larger context (e.g., domain knowledge) or
a significant initial investment of time is needed before workers can engage in task
execution in order to develop a global context, e.g. when authoring a paper or a
presentation. They point out that while crowdsourcing researchers have sought effi-
ciency and quality gains in the algorithmic decomposition of tasks and synthesis
of individual crowdworker microcontributions, there can be substantial benefits in
recruiting task workers to perform macrotasks that last longer and which apply more
flexible compensation schemes, combining some of the benefits of microtasks and
traditional freelance work. Haas et al. (2015) introduce Argonaut, a framework for
managing macrotask based workflows that addresses a major challenge for automat-
ing macrotask work, which is to ensure the quality of the work. The Argonaut frame-
work profiles workers in terms of the work quality they deliver and their speed, and
uses these profiles to sustain a hierarchy of roles (workers, reviewers, and top-tier
reviewers). Workers are assigned suitable roles within the macrotask workflow and
are promoted or demoted dynamically depending on task availability.

Li et al. (2016) consider macrotasks as those lasting several hours. They argue
that workers are not easily motivated to carry out these, and that they are challenging
to define/decompose. For this, they suggest that macrotasking is an important topic
for future research.

Valentine et al. (2017) report on an approach for handling a specific class of
macrotasks that are complex and open-ended, and which are difficult to crowdsource
using microtasking because it is difficult to articulate, modularize, and prespec-
ify the actions needed to achieve them. To do so, they propose ways to structure
the crowd in “flash organizations” that involve defining formal structures such as
roles, teams, and hierarchies that delineate responsibilities, interdependencies, and
information flow without prespecifying all actions. Their approach is characterized
by (a) a de-individualized role hierarchy (as can be found in organizations like
movie crews, disaster response teams, or the army) where collaboration is based
on workers’ knowledge of the roles rather than their knowledge of each other: (b)
a continuous reconfiguration of the organization e.g., by changing roles or adding
teams. Valentine et al. (2017) demonstrate the feasibility of their approach through
three case studies concerning respectively: (1) creating an application for emergency
medical technicians (EMTs) to report trauma injuries from an ambulance en route
to the hospital designing, manufacturing, and playtesting a storytelling card game
and an accompanying mobile application, and creating an enterprise web portal to
administer client workshops.

Implementing such organizational structures in crowdsourcing in order to support
macrotasks brings about challenges related to incentivizing workers. For example,
personal preferences or biases may color assessments of solution quality. Xie and
Lui (2018) propose an optimization approach for incentivizing workers to provide
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high-quality contributions and empirically evaluate the effectiveness and efficiency
of their approach.

1.2 On the Nature of the Problem

To understand the reasons that may necessitate a shift from microtasking to macro-
tasking, one must first understand the problems that each crowdsourcing model can
and cannot solve. Drawing from organizational management literature, below we
classify crowdsourcing models according to the problem attributes that each can
solve (Fig. 1.1).

Knowledge problems can be categorized based on three attributes: complexity,
decomposability, and structure (Nickerson and Zenger 2004; Huang and Holden
2016). Complexity refers to the number of knowledge domains that are relevant to
the problem, and the strength of their interactions. Simple problems tend to involve
few knowledge domains, with a low degree of domain interdependency. More com-
plex problems involve a large number of knowledge domains, which share a strong
degree of domain interaction. Decomposability measures whether the problem can
be divided into subproblems, and the granularity that this division can reach. Decom-
posable problems can be broken down to separate subproblems, each drawing from
distinct knowledge sets, which can be solved independently and with little commu-
nication or collaboration among problem solvers. Non-decomposable problems on

Fig. 1.1 Themacrotask dimension space. To draw this diagramwe assume all macrotasks are com-
plex. Then we have a cartesian space of themwith the dimensions of structure and decomposability.
This space characterizes four types of macrotasks: interlaced, modular, wicked and container
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the other hand, are impractical or even impossible to subdivide into separate sub-
problems, because the interdependencies among their knowledge domains are too
extensive. For such problems, if a solution is to be found, this needs to be an over-
all solution, which enables problem solvers to maintain the global problem context.
Structure is the degree to which one can determine all the knowledge domains rel-
evant to the problem, the expertise needed to solve it, and the interrelations between
the identified domains. Well-structured problems consist of a clear set of relevant
knowledge domains. The boundaries and interactions among these domains can be
easily understood, and there are explicit and widely accepted approaches to solve
the problem. On the other hand, ill-structured problems are those where the relevant
knowledge domains, necessary to solve the problem, are not evident, the bound-
aries among these domains are ambiguous and their in-between interactions are very
poorly understood. Conversely, consensus approaches may not be optimal; rather
these problems often benefit from “spontaneous” disruptive innovations, which often
challenge scientific and industrial status quos and offer new ways of interpreting the
problem and its solution.

This classification enables us to position existing and future crowdsourcingmodels
with respect to the problems that they can solve, and the problems for which they
are not suitable.

Tasks related to data such as: categorization, curation, or enrichment (Kittur et al.
2008; Musthag and Ganesan 2013) tackle problems that are simple, well-structured,
and decomposable. The bulk of tasks in most commercial crowdsourcing platforms
are of that sort.

1.2.1 Macrotask Type 1 (Modular): Well-Structured,
High-Decomposability Problems

The first type of macrotasks is meant to solve problems that are, decomposable, and
well-structured. These form the majority of complex problems that current crowd-
sourcing literature and applications focus on, and understandably so, since these
problems can be addressed using a “divide and conquer approach”. The problem is
first broken down to smaller, distinct work units, i.e., at microtask level. Then, the
distinct microtasks are assigned in parallel to multiple workers, and finally they are
recomposed to a final output by combining the separate smaller subtasks.

The difference with what we might call “vanilla” microtasking is that, because of
the problem complexity, the way of breaking down the problem to microtasks is not
evident and may require the involvement of experts, who design tailor-made work-
flows for the crowd to follow. These experts in collaboration with the task requester,
often determine how the macrotask should be decomposed into smaller chunks, and
how to recompose these once completed. Because of the involvement of experts
the decomposition of microtask level can be costly (Kim et al. 2014; Chan et al.
2016). Nevertheless, once the workflow has been designed, it can be very effective
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(Teevan et al. 2016). That being said, this approach suffers from non-generalization.
Because the workflows are usually tailored to the very specific problem, they cannot
be generalized easily to handle other problem instances.

The resultingmicrotasksmaynot behomogeneous in termsof size, or skill require-
ment.

Examples of macrotask type 1 include: taxonomy creation (Chilton et al. 2013),
itinerary planning (Zhang et al. 2012), editing and correcting a document (Bernstein
et al. 2010), or aggregating multiple word or sentence-level translations to form a
larger corpus (Ambati et al. 2012; Zaidan and Callison-Burch 2011).

1.2.2 Macrotask Type 2 (Interlaced): Well-Structured,
Low-Decomposability Problems

The second type of macrotasks aims to tackle problems that are well-structured but
are non-decomposable. In general, these are problems often found at the beginning of
creative projects (e.g., when the broad objectives and solution criteria need to be set)
and are, for the most part, only processed manually, even if the rest of the project can
be broken down into subtasks and potentially crowdsourced (Sieg et al. 2010). These
problems can be solved through a “continuity of useful action” (Altshuller 2005)
where each consecutive contributor maintains the global context and full semantic
overview of the problem while iteratively refining it until an acceptable solution is
found.

Examples of type 2 macrotasks would be: defining a research methodology or
formulating an R&D approach.

1.2.3 Macrotask Type 3 (Wicked): Ill-Structured,
Low-Decomposability Problems

The third type of macrotask problems are the so-called “wicked problems” or “holy
grail” problems. These are ill-structured tasks, for which the interactions among
the relevant knowledge domains (or even the exact required knowledge domains
themselves), are not well understood, and the requirements are incomplete, contra-
dictory, and in some cases ever-changing. Wicked problems, in a crowdsourcing
context, tend to be handled through innovation idea contests (Majchrzak and Mal-
hotra 2013), where the purpose is to collect as many ideas as possible in search for
the few breakthrough ideas, rather than an iterative idea development. There has
been limited research on how to process and tackle wicked problems through crowd-
sourcing. Evidence illustrates that using a sequential process could lead to problems
such as fixation with one solution (Jansson and Smith 1991) or solution confounding
(Little et al. 2010). However, further research is necessary to shed light on the issue.
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An example of a type 3 macrotask is end-to-end innovation production.

1.2.4 Macrotask Type 4 (Container): Ill-Structured,
High-Decomposability Problems

The final macrotask type aims to tackle problems that are ill-structured and highly
decomposable. Although such problems are not directly addressed in the literature,
one could conceptually identify them based on the structure/decomposability matrix
that organizational research suggests. Such problems could be those for which the
required expertise cannot be determined automatically a priori, but it can be deter-
mined with the help of an expert or team of experts. For example, in a crowdsourcing
context, such a problem is the coordination of a team of crowd workers. Very recent
literature (Wood et al. 2019) has indeed touched upon this phenomenon, reporting
that high-reputation crowdworkers delegate complexwork to other crowdworkers or
other workers from their social circles. They also often explain the tasks and train (in
the form of instructions) their delegates on how to accomplish the (part of) complex
work. This method of understanding the ill-structured problem, and then decompos-
ing and delegating it based on experience, could be a precursor of more complex
workflows that are needed to handle this type of tasks. Future work is required to
research such problems in more detail, and understand which crowdsourcing work-
flows can be designed to address them.

1.3 On the Nature of Skills

Few works in existing microtask crowdsourcing literature focus on workers skills.
Although very recent works in the area do try to understand better the needs of the
crowdworkers, for example by examining their working conditions or the context
they find themselves into (Gray et al. 2016; Irani and Silberman 2013; Martin et al.
2014), these works do not examine which skills a worker has or needs to have. This
research gap may be partially attributed to the fact that, apart from language (e.g.,
English) skills and general perception skills, workers in microtask crowdsourcing
are usually not required to have very specialized skills to perform their work. Con-
sequently, microtasking platforms also usually store only worker demographics and
the percentage of tasks the worker has successfully completed (number of HITs,
Levels, or other name depending on the platform). Microtasking platforms do not
usually store other worker skills (Ho and Vaughan 2012). In case requesters need
workers to have a specialized skill, they mention it in an open field, which workers
fill in based on self-assessment. Self-assessment may be biased and its validity as
a metric of skill quality is low since not all workers have the same perception of
their skills. Less often, requesters may develop a tailor-made test, prior to the actual
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microtask, to test specialized worker skills. This practice however is costly, and not
generalizable.

In addition, microtasking usually relies on skill homogeneousness: the problem
is decomposed to microtasks that all require the same type of nonexpert skill. Con-
sequently, currently not a lot of works in existing crowdsourcing literature analyze
the spectrum of worker skills across a variety of possible problems that they could
solve. The only works that usually assume a variety of different skills are based on
simulations, either across different domains of the same level (Basu Roy et al. 2015),
or even across hierarchical skills levels (Mavridis et al. 2016).

Macrotasking on the other hand is innately linked with skill diversity, and
more fine-grained skill types, including expert and twenty-first-century skills,
as well as valid skill identification and evaluation mechanisms. Examples of
higher order cognitive and twenty-first-century skills that macrotask workers might
need include: creativity, curiosity and imagination, critical thinking and problem-
solving (Creative and Cultural Skills 2017), effective oral and written communi-
cation skills, information analysis ability, agility, adaptability and the capacity to
learn new knowledge fast, collaboration ability, communication skills, taking initia-
tive, leadership and people management skills (Wagner 2014). Expert skills can be
obtained by direct training and “learning by doing”, and naturally include the whole
spectrum of today’s and tomorrow’s expertise, with some prominent examples being
coding, graphic design skills, research methodology skills, business marketing and
communications, etc.

Although microtask crowdsourcing practice tends to consider workers as an end-
less, homogeneous and replaceable mass, the truth is that complex skills and crowd
workers who possess them are inevitably expected to be less frequent. Therefore, for
macrotask crowdsourcing, it is important to ensure the following:

– Skill structure and assessment. Develop mechanisms to assess macrotasking
skills with validity, and in a scalable manner (Ipeirotis and Gabrilovich 2014),
drawing from awide range of approaches (from computerized to peer assessment),
as well as the skill assessment scientific domain.

– Develop training opportunities. Workers who are not at the right skill level
should not be excluded at face value. Rather, macrotasking platforms should sup-
port worker skill development, by offering training opportunities and scaffolded
learning.

– Access to skill data and skill data sharing. Provide workers with expert skills
with an access to andownership of their skill data, and the opportunity to share them
across platforms. This approach is not only in line with latest data management
ethics (see the recent EU GDPR rules, see Voigt and Bussche 2017), but it is
also expected to give workers a sense of control, the ability to indicate their skill
pertinency, and promote workers mobility and platform cross-fertilization.
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1.4 On the Nature of Management

When referring to crowdsourcing, scalability is the key. Unlike traditional manage-
ment settings, where the human manager needs to organize the work of a few people
(up to the level of dozens), the scale of crowdsourcing necessitates automation. For
this reason, recentworks have focused on algorithm-based human resource allocation
in crowdsourcing settings, from two perspectives. From the mathematical optimiza-
tion perspective, such algorithms assume a large pool of worker profiles (skills,
availability, etc.) and a large pool of tasks with certain characteristics (e.g., knowl-
edge domain), and constraints (deadline, budget, etc.). In this setting, the objective
of the algorithms is to match each task with one or more workers, to accomplish
the task optimally (e.g., in terms of quality) with the given constraints (e.g., Basu
Roy et al. 2015; Goel et al. 2014; Schmitz and Lykourentzou 2018). From an orga-
nizational perspective, viewing crowds as organizations, algorithms coordinate the
automated hiring of workers for different roles, and computationally structure their
activities around complex workflows (Retelny et al. 2014; Kim et al. 2014; Valentine
et al. 2017). Other types of algorithms, focusing more on teamwork, computation-
ally rotate workers in different team combinations, to mix their viewpoints and ideas
(Salehi and Bernstein 2018).

The problem with existing crowd management algorithms, is that they tend to
micro-manage the workers, by assigning them directly on a specific task or team.
Existing algorithms also tend to focus on computational efficiency and optimiza-
tion. This approach is appropriate for microtasking, but it has drawbacks when it
comes to macrotasks, as it can stifle creativity and initiative-taking, as indicated by
recent research in management sciences (Lawler andWorley 2006) and crowdsourc-
ing (Retelny et al. 2017). Future research is therefore needed to explore flexible
algorithms that avoid micromanaging the workers, and explore ways to empower
them.

Furthermore on crowd management, current crowdsourcing platforms have usu-
ally two management levels, i.e., the requester and the worker. Very recent works,
indicate that new, multilevel ways of organization, such as re-outsourcing (Wood
et al. 2019) and subcontracting (Morris et al. 2017), and Upwork’s agency structures
are emerging. Although the above works are applied on microtasking and freelance
work, the multilevel management approach that they propose could be especially
beneficial for the needs of macrotasking (see macrotask types 2, 3, and 4 above).
Future research could explore this dimension.

A final note on crowd management is incentives engineering. Current micro-
tasking crowdsourcing primarily relies on monetary rewards. Prior research in this
domain has shown that higher payment indeed leads to faster completion time of
the microtasks, but not necessarily to higher quality (Mason and Watts 2009). Ini-
tial research shows that purely extrinsic motivators, such as money, are not enough
(Zheng et al. 2011). Macrotasking, which often involves open-ended and innovation-
oriented work, and which for this reason relies on workers’ creativity and expertise,
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needs to find the right balance between extrinsic and intrinsic incentives. Earlier stud-
ies have offered “implications for the design of mobile workforce services, including
future services that do not necessarily rely onmonetary compensation” (Teodoro et al.
2014). For this reason, further work is needed to explore which intrinsic incentives
platforms could offer to motivate quality macrotask work; examples might include:
providing work feedback, and scaffolding workers’ career growth (Edmondson et al.
2001). To ensure that this research will have practical impact, crowdsourcing plat-
forms need to raise awareness and educate requesters about the importance of offering
such incentives and support them in the process of doing so.

1.5 Macrotask Crowdsourcing Definition

Taking into account the aforementioned dimensions, on the nature of the task, the
skills of the workers, and the management principles, we provide below a first inte-
grated definition of macrotask crowdsourcing:

Macrotask crowdsourcing refers to crowdsourcing that is designed to handle complex work
of different degrees of structure and decomposability, assumes varying levels of (expert)
knowledge over one or more domains, requires a range of 21st century skills, benefits from
worker communication, collaboration, and training, and incorporates flexible work manage-
ment processes that potentially involve the workers.

1.6 Conclusion

In this chapter we discuss macrotask crowdsourcing in terms of three dimensions: (i)
the complex problems this labor model can solve, (ii) the worker skills it requires and
(iii) the management structures it benefits from. In regards to the first dimension,
we define four types of macrotasks—modular, interlaced, wicked, and container.
Each type can solve a different problem, based on two problem axes: decompos-
ability and structure. Regarding the second dimension, we touched upon the worker
skills required for macrotask crowdsourcing, emphasizing the need for skill diver-
sity, fine-grained skill types, expert and twenty-first-century skills, as well as for skill
development and evaluation mechanisms. Finally, in regards to the third dimension,
we discussed the work management structures that are appropriate for this new type
of work, highlighting the need to avoid micromanaging the workers but rather pro-
viding them with more initiative and actively involving them in the management of
their work.We conclude this chapter with a definition, for the first time, of macrotask
crowdsourcing. Our aim in providing this definition is to assist future researchers to
better position their work, and inspire future developments in this expanding field.
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Coordination and Cooperation



Chapter 2
Crowdsourcing Coordination: A Review
and Research Agenda for Crowdsourcing
Coordination Used for Macro-tasks

Sangmi Kim and Lionel P. Robert Jr.

Abstract Crowdsourcing has become a widely accepted approach to leveraging the
skills and expertise of others to accomplish work. Despite the potential of crowd-
sourcing to tackle complex problems, it has often been used to address simple
micro-tasks. To tackle more complex macro-tasks, more attention is needed to better
comprehend crowd coordination. Crowd coordination is defined as the synchroniza-
tion of crowd workers in an attempt to direct and align their efforts in pursuit of a
shared goal. The goal of this chapter is to advance our understanding of crowd coor-
dination to tackle complex macro-tasks. To accomplish this, we have three objec-
tives. First, we review popular theories of coordination. Second, we examine the
current approaches to crowd coordination in the HCI and CSCW literature. Finally,
the chapter identifies shortcomings in the literature and proposes a research agenda
directed at advancing our understanding of crowd coordination needed to address
complex macro-tasks.

2.1 Introduction

Crowdsourcing has become a widely accepted approach to leveraging the skills and
expertise of others to accomplish work (Robert and Romero 2015, 2017). Crowd-
sourcing hasmany definitions but was first defined by Jeff Howe as the outsourcing of
work to a crowd (Howe 2006). Typical modern definitions of crowdsourcing involve
two attributes: (1) a crowd, or group of people, and (2) online work. Crowdsourc-
ing platforms such as Mechanical Turk (http://www.mturk.com) and CrowdFlower
(http://www.crowdflower.com) attract large groups of people who can work online
via these digital platforms. These platforms and the people who work on them (i.e.,
crowd workers) provide access to a wealth of knowledge and expertise that can be
leveraged to tackle complex problems.
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Despite the potential of crowdsourcing to tackle complex problems, it has often
been used to address rather simple micro-tasks. Micro-tasks are standalone simple
tasks that do not require the coordination of work among individuals (Schmitz and
Lykourentzou 2018). To tacklemore complex problems, crowdsourcingmust address
macro-tasking.Macro-tasking can be described as complex crowdwork that is some-
times but not always decomposable tomicro-tasks (Schmitz andLykourentzou 2018).
Crowdsourcing macro-tasks is more challenging than crowdsourcing micro-tasks.
Macro-tasking requires work processes needed to tackle complex problem-solving
involving activities such as the generation and integration of diverse ideas along with
group decision-making. Macro-tasking also requires crowd workers to coordinate in
order to both divide their labor and aggregate the outputs of their labor.

In the human–computer interaction/computer-supported cooperative work
(HCI/CSCW) fields, crowd coordination is typically handled by the requestor and
results in micro-tasking. Requestors divide and assign work prior to any crowd
involvement and in many cases the work is never aggregated. Unfortunately, this
approach to crowd coordination limits the potential of crowds to solve complex
problems and reach their full potential.

Consider the following scenario: An organization wants to use crowdsourcing to
identify its next new product. The organization puts forth a call to the public for new
ideas and gives a specific deadline. The organization receives many great ideas and
asks the crowd to vote on the best idea for a new product. The votes are tallied and
the winner is announced. This approach to crowdsourcing is oriented toward micro-
tasking. The work process is reasonably well formulated and easy to understand by
all crowd workers. Although the outcome might not be predictable, the work process
is very predictable. The crowdsourcing tasks require little interaction or dependence
among crowd workers, so coordination is of little importance.

Now consider a different scenario: An organization wants to crowdsource the
development of the marketing plan for this new product. Because there are many
ways to accomplish this task, the work is not easily nor reasonably well formulated.
Both the work process and the outcome are not as predictable as in the last scenario.
Because the crowd is expected to produce one marketing plan, the crowd workers
must decide how the work is to be divided and how or whether the work needs to
be aggregated. To accomplish this task, crowd workers need to work together. This
approach to crowdsourcing is oriented towardmacro-tasking and requires interaction
and greater dependence among crowd workers; therefore, coordination is of the
utmost importance. Clearly, to fully leverage crowdsourcing, more work is needed
on coordinating the crowdsourcing of macro-tasks.

There are many definitions of coordination (Robert 2016). For the sake of clarity,
this chapter defines coordination generally as:

The synchronization of individuals in an attempt to direct and align their efforts in pursuit
of a shared goal.

And crowd coordination specifically as:

The synchronization of crowdworkers in an attempt to direct and align their efforts in pursuit
of a shared goal.


