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Foreword: Making a Difference

Mary Catherine Bateson

Mary Catherine Bateson is
a cultural anthropologist
and author.

A volume of papers on human computation (HC) has been needed to lay the founda-
tion of a field and establish a framework in which researchers can effectively build
on each other’s work. It is also likely to set off alarm bells in many quarters. Yet
there is a possibility that the thinking collected here will constitute an important step
toward solving a fundamental ethical problem in human society, namely, the increas-
ingly widespread conviction that “nothing I can do will make any difference.”
Kant’s Categorical Imperative! was an attempt to solve the problem by eliminating
the question of scale and proposing that an action be evaluated as if it were univer-
sal, but this has not proved particularly effective in ever larger populations. The
problem of taking responsibility for individual and local actions is most severe at
the global level. Thus, for instance, individuals have difficulty believing that leaving
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an extra electric light burning in their suburban backyard is connected to the likeli-
hood of lethal storms thousands of miles away. Exactly the same kind of reasoning
discourages voters from going to the polls for local elections. How will people learn
that what they do “counts”? By counting.

We badly need models of interdependence and connectivity that will convey to
those who work with them the conviction that individual voices and actions count, a
message conveyed through many different modalities, both in science and in popular
culture. At the same time, the very term “human computation,” accompanied by fasci-
nating analogies to insect communities, may suggest a dystopic loss of individual
autonomy and value. Human computation for socially useful goals will depend on
giving individuals a sense of agency — a sense that they indeed can make a difference.

Agency has been the central issue for patient communities, so that enrolling
patients as active collaborators in research has been an important new model for
citizen science. One of the earliest examples of citizen science was the St. Louis
baby tooth collection organized by Barry Commoner, in which scientists “took over
the tooth fairy”? to demonstrate the dangers of nuclear testing in the atmosphere.
The demonstration that Strontium 90 was being transferred in mothers’ milk was a
significant element in the banning of atmospheric testing, but so no doubt was the
engagement it evoked in the parents.

There is a long history, going back to the Greeks and Romans, of attempting to
use voting (an early form of human computation), with various modifications, to
create a sense of agency that supports responsibility, and some of the hazards are
known. Experience suggests, for instance, that plebiscites are easily manipulated by
autocrats (as in the rise of fascism), so that it makes more sense to vote for individu-
als who are then able to deliberate together about issues and act systemically as
surrogate decision makers in a second round of voting than it does to decide policy
by majority popular vote. Other variations such as proportional representation also
attempt to avoid the dangers of simple majority rule. Voter initiatives may appear to
increase democracy but when overused may lock in dysfunctional policies. And at
the same time, voters are increasingly taking the libertarian position that all legisla-
tion and regulation is pernicious. A central promise of human computation, already
partially realized, is the possibility of creating an awareness of the vast number of
decisions we all make every day, including the decision involved in where attention
is focused from minute to minute,® along with information about the aggregate
effect of those decisions and how they are shifting.

At the same time, information about new ideas and emerging patterns needs to
be accessible and individual voices need to be audible. Human computation may
run the risk of simply reinforcing existing trends, which may be negative, by facili-
tating conformity. The popularity of SUVs and violent movies and games tends to
be self-reinforcing, and the most popular restaurant in town may not be the most
pleasant place to go on a Saturday night. Thus, simply waiting to see what “goes
viral” on YouTube or Twitter is not sufficient. A noteworthy variation on regenera-
tive feedback, however, is Kickstarter.com, which works like a chain letter to raise
funds for nonprofit projects.
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A significant effort related to human computation is the effort to create interac-
tive contexts for the expression of greater diversity of knowledge and imagination.
Interdisciplinary conferences (such as the Macy conferences on Cybernetics and on
Group Process after World War II) can be seen as an example of taking a group of
individuals and turning them into a thinking system, a kind of superorganism.* With
the decline in support for exploratory interdisciplinary work, there has been a rise in
designs for interactive processes, such as America Speaks, the 21st Century Town
Hall Meeting format devised by Carolyn Lukensmeyer,> and Laura Chasin’s Public
Conversations Project,® as well as research on conflict resolution and mediation’
simultaneously alas with the steady increase in what Deborah Tannen calls the
Argument Culture, in which issues are approached antagonistically.® Such innova-
tive techniques can be regarded as forms of computation.

Human beings change in response to their habitual interactions, and there is
already concern about deleterious effects of electronic communication, which will
play a major role in human computation as we move forward. Much of human com-
putation depends on persuading large numbers of individuals, acting separately, to
contribute personal information, which is then combined, both processes facilitated
by electronic technology. But it is important to notice that the implicit message of
such an operation is membership in a larger whole. Any living system processes
quantities of material and information, in ways that affect the state of that system
and other systems to which it is connected, and attending to such processes poten-
tially creates a sense of unity and an awareness of the reality of interdependence.

We know today that our entire planet can be looked at as a living system® with
some capacity for self-regulation, and that the circulation of water and atmospheric
gases is such that disruption or pollution in one place on the planet has measurable
effects elsewhere. Indeed, earth systems are far more closely integrated than the
present human capacity to respond to them, even in the preparation for and response
to major disasters. The emphasis on individual autonomy that underlies American
culture is a product of the circumstances under which Europeans settled the North
American continent, but it is descriptively inaccurate for the human condition and
inhibits effective cooperation in problem solving and humanitarian relief as we
experience and attempt to mitigate the global effects of climate disruption. Arguably,
then, if increased reliance on human computation shifts attitudes away from the
fetish of individual autonomy and teaches us, by implication, to recognize that we
are connected parts of a larger whole, this is a goal to be pursued. Perhaps too, the
awareness of inescapably “making a difference,” for better or for worse, by our
individual choices will come to be seen as an essential aspect of human dignity.

Mary Catherine Bateson
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Preface

In all of your deliberations in the Confederate Council, in your
efforts at law making, in all your official acts, self-interest shall
be cast into oblivion. Cast not over your shoulder behind you
the warnings of the nephews and nieces should they chide you
for any error or wrong you may do, but return to the way of the
Great Law which is just and right. Look and listen for the
welfare of the whole people and have always in view not only
the present but also the coming generations, even those whose
faces are yet beneath the surface of the ground — the unborn of
the future Nation.

— Great Law of the Haudenosaunee'

Why a Book About Human Computation?

In the new techno-culture of buffered sociality, in which young people spend more
time wearing earbuds and texting frenetically than having real live conversations in
a café, we consider the mounting existential challenges that our children and subse-
quent generations will face. Though human computation may not be a panacea, it
does represent an opportunity for us to draw together more effectively as a global
people to address such challenges. However, there is a practical issue.

The problem that exists today is that human computation (HC) research is frag-
mented across isolated communities. That is, HC is developed and implemented in
multifarious ways across diverse fields of inquiry and application; yet each of these
efforts occurs as an offshoot of some other discipline or as a novel method in some

'The Haudenosaunee league of Native American nations is known in Western culture as the
Iroquois. However, “Iroquois” is a French transliteration of a derogatory name used historically by
a competing tribe. The correct and proper name, “Haudenosaunee,” means “people of the long-
house,” which implies that member nations should live together as families in the same longhouse
(Wikipedia 2013).

ix
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applied domain. But there is very little cross-fertilization, due to typical aversions to
crossing community boundaries, philosophical differences, and terminology confu-
sion. One even gleans cultural differences, such as an emphasis in Eastern cultures
on systems that support collective rather than individual stakeholders. Thus, this
book responds to the need for a clear, comprehensive, current, and interdisciplinary
treatment of HC.

Rather than just reporting on the state of practice, we have challenged the
confines of our conceptual comfort zones and engaged in bold analysis and risky
ideation — something humans still do much better than machines. Ultimately, we
have sought to collectively assess the state of the art and anticipate future directions,
presenting the combination as a foundation and inspiration for future work and
unlikely collaborations.

The Collaboration Has Already Begun

It has been both a tremendous honor and an exercise in humility to collaborate with
such a talented, globally distributed (see Fig. 1), and remarkably genuine community
of over 115 authors and editors. Perhaps it is the promise of human computation that
draws out the humanity in us, that somehow echoes the mantra “we want to own our
destiny.” Indeed, the goals of this book have already begun to be realized as a conse-
quence of its very development. Authors have formed new, respectful cross-disci-
plinary relationships, spawning new ideas, many of which appear on the pages of this
book. From this chrysalis, we hope to nurture the emergence of human computation
as a formal discipline, a charter for which is conveyed in the final chapter of the book.

Austria « Belgium « Canada + Columbia » France » Germany « Israel « Italy » Japan * Mexico « Netherlands
New Zealand + Norway + Qatar » Slovenia « United Kingdom + United States of America

Fig. 1 Geographic representation of handbook contributors
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Introduction

A more descriptive title for this book would have been “The application, design,
infrastructure, and analysis of heterogeneous multi-agent distributed information
processing systems and their political, societal, and ethical implications,” but as brev-
ity is the soul of wit, I decided to go with simply Handbook of Human Computation.

Human computation means different things to different people. To some, it
means using a computer to combine answers from many people into a single best
answer. To others, it means taking a problem that is too big for any one person and
splitting it into smaller, more manageable pieces that can be delegated to many
people. Human computation can be the analysis of human behavior in a social net-
work to better understand the spread of ideas or to predict outcomes on the world
stage. And possibly it even represents an opportunity to recognize or engineer a new
life-form with superhuman intelligence. Regardless of which of these things human
computation might be, they all involve interconnected humans and machines that
process information as a system, and they all serve a purpose.

What This Book Is Not

Though you will find much discussion of crowdsourcing herein, this is not a hand-
book of crowdsourcing. Crowdsourcing does not require computation; the term
derives simply from “outsourcing to crowds.” The individual contribution of each
crowd member need not be computational nor give rise to computational analysis or
output. Crowdsourcing is, however, a common method for engaging many partici-
pants in human computation; so they often coincide.

Nor is this a handbook of social computing. Social computing is defined as the
intersection of social behavior and computational systems (Wikipedia 2013).
However, social behavior is not a prerequisite for human computation. In fact, a
workflow process may elicit human input, transform that input, and then pass the



XXXVl Introduction

result to another human, in a pipeline that involves no social behavior or interaction
whatsoever, yet is very much a manifestation of human computation. Thus, human
computation subsumes social computing.

Then What Do We Mean by Human Computation?

To answer that question, we must first consider what we mean by “computa-
tion.” Computation in this context refers not just to numerical calculations or the
implementation of an algorithm. Computation refers more generally to informa-
tion processing. This definition intentionally embraces the broader spectrum of
“computational” contributions that can be made by humans, including creativ-
ity, intuition, symbolic and logical reasoning (though we humans suffer so
poorly in that regard), abstraction, pattern recognition, and other forms of cog-
nitive processing. As computers themselves have become more capable over the
years due to advances in artificial intelligence and machine learning techniques,
we have broadened the definition of computation to accommodate those capa-
bilities. Now, as we extend the notion of computing systems to include human
agents, we similarly extend the notion of computation to include a broader and
more complex set of capabilities.

With this understanding of computation, we can further generalize our notion of
human computation to encompass not only computation by an individual human but
also machine-mediated computation by groups of individuals (e.g., pipelined prob-
lem solving systems), aggregate analytic results by groups that result from individual
information processing (e.g., prediction markets), distributed networks of human sen-
sors (e.g., mash-ups), and many other varieties of information processing that derive
from the computational involvement of humans in simple or complex systems.

While this is what is meant by human computation for the purpose of establish-
ing conceptual guideposts for this handbook, it is itself among the directives of the
handbook to not only formally define this space of research and practice but to
explore the past, present, and future scope of this frontier.

Why Is Human Computation Important?

Each of this book’s many contributors may have a distinct answer to this question.
My short answer is the following. As a species, we face multifarious challenges
stemming directly and indirectly from our use of technology, and many of these
challenges pose an existential threat to humanity. I believe that one promising ave-
nue of recourse is to use technology to help us cooperate more effectively to solve
the problems we have created. Thus, I believe our very survival depends upon the
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rapid advancement of human computation as a theoretical and applied science, to
help us mitigate the effects of climate change, cure disease, end world hunger, pro-
tect human rights, and resolve conflicts.

Synopsis of Sections

Though the high-level structure of the book is ordinal by design, the following sec-
tion synopsis will help point the reader who has specific areas of interest to the sec-
tion of most immediate relevance. For the armchair reader, you may embark on a
guided tour of human computation by beginning at page one. But if you happen to
have a mercurial spirit, just open the book to a random chapter and see where that
might lead you.

Foundations

The foundations section, edited by Matthew Blumberg, seeks to cast new light on
the subject matter by asking basic questions, like “What is thinking?” “What is
information?” and even “What is mental disease?”” Answers come in novel forms
that recast the interrelationship of foundational disciplines toward a deeper under-
standing of human computation.

Applications

The applications section, edited by Haym Hirsh, seeks to convey the value proposi-
tion of human computation by examining recent examples of how people have been
brought together in new ways to achieve desired outcomes. This section surveys a
broad range of human computation applications, in domains such as disaster relief,
archaeology, medicine, science, education, literature, finance, innovation, business
management, and others.

Techniques and Modalities

This section, edited by Kshanti A. Greene, catalogs an expansive and growing list of
human computation techniques — that is, repeatable methods defined jointly by their
applications, interaction paradigms, and/or computational methods. It is essentially
a set of “design patterns” for human computation that facilitates modeling a new
HC system on prior work.
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Infrastructure and Architecture

The infrastructure and architecture section, edited by Michael Witbrock, seeks to
balance the logistics of humans as computational resources with goals of actualiza-
tion and empowerment. Thus, it covers the broad space of computational structures
such as state space, communication protocols, human device drivers, reward struc-
ture programmability, as well as HC-specific interaction modeling techniques that
are sensitive to the quality of human experience.

Algorithms

This section, coedited by Remco Chang and Caroline Ziemkiewicz, describes a
variety of “systematic and general ways to treat humans as computational units” as
well as new methods for formalizing the properties of human computation algo-
rithms. Thus, this section may be useful for assessing, identifying, and constructing
algorithms to fit specific use cases.

Participation

This section, edited by Winter Mason, explores a range of factors and associated
techniques that influence the decision to participate in human computation activi-
ties. Importantly, it also considers dynamics that affect the quality of participation.

Analysis

This section, edited by Kristina Lerman, considers several analytic methods that can
be used to predict emergent collective behavior and to inform the design of future
human computation systems. These analytic methods are also considered in the
context of quality control and performance assessment.

Policy and Security

This section, edited by Dan Thomsen, examines near-term ethical, regulatory, and
economic considerations relevant to the emergence and growing prevalence of
human computation and associated labor markets. It also delves into security and
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privacy issues germane to HC systems, along with relevant technical and
policy-based solutions.

Impact

The impact section, which I had the privilege of editing, is a collection of forward-
thinking essays on the near- and long-term implications of human computation on
individuals, society, and the human condition. It asks hard questions and considers
carefully the potential risks and rewards associated with the advancement of this
new technology. It attempts to characterize a future with pervasive human computa-
tion and considers how we might prepare for it.

Bon Voyage!

Whatever your interest in human computation might be, by reading from this book
you will hear from a coalescent community of communities and perhaps begin to
understand our place in the world in a new way.

Fairfax, VA, USA Pietro Michelucci
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