MICHAEL BERNSTEIN RESEARCH STATEMENT

My research combines computation with the intelligence of crowds—Ilarge groups of people connecting
and coordinating online—to create hybrid human-computer systems. Combining machine and crowd
intelligence opens up a broad new class of software systems that can solve problems neither could solve
alone. However, while crowds are increasingly adept at straightforward parallel tasks, they struggle to
accomplish many goals: participants vary in quality, well-intentioned contributions can introduce errors,
and future participants amplify and propagate those errors. Moreover, crowds that can generate the
necessary information might not even exist yet, or their knowledge might be distributed across the web.

My work in human-computer interaction develops computational techniques to overcome these limits in
crowdsourcing. These solutions adopt a broad view of how we might integrate crowds and computation:
1) embedding crowd work into interactive systems, 2) creating new crowds by designing social computing
systems, and 3) mining crowd data for interactive applications.

CROWD-POWERED SYSTEMS

I create systems that are powered by crowd intelligence: these systems advance crowdsourcing from a batch
platform to one that is interactive and realtime. To embed crowds as first-order building blocks in software,
we need to address problems in crowd work quality and latency. This research develops computational
techniques that decompose complex tasks into simpler, verifiable steps, return results in seconds, and open
up a new design space of interactive systems.

To instantiate these ideas, I developed a crowd-powered word processor called Soylent that uses paid micro-
contributions to aid writing tasks such as text shortening and proofreading [1]. Using Soylent is like having
an entire editorial staff available as you write. For example, crowds shorten the user’s writing by finding
wordy text and offering alternatives that the user might not have considered. The user selects from these
alternatives using a slider that specifies the desired text length (Figure 1). On average, Soylent can shorten
text up to 85% of its original length. By using tighter wording rather than wholesale cuts, the system
shortens a ten-page draft by a page and a half in only a few minutes. Soylent also offers human-powered
proofreading and natural-language macros.

Original text

Automatic clustering generally helps separate different kinds of
records that need to be edited differently, but it isn't perfect
Somelimes it creates more clusters than needed, because the
differences in structure aren't important to the user's particular editing
task. For example, if the user only needs to edit near the end of each
ling, then differences at the start of the line are largely irrelevant, and
itisn't necessary to split based on those differences. Conversely,
sometimes the clustering isn't fine enough, leaving heterogeneous
clusters that must be edited one line at a ime. One solution to this
problem would be to let the user rearrange the clustering manually
perhaps using drag-and-drop to merge and split clusters. Clustering
and selection generalization would also be improved by recognizing
common text structure like URLs, filenames, email addresses, dates,
times, etc.

Drag Soylent’s slider to control the length of the paragraph

Shortened text

Automatic clusterning generally helps separate different kinds of
records that need to be edited differently, but it isn't perfect.
Sometimes it creates more clusters than needed, because the
differences in structure aren’t relevant to a specific task. |
Conversely, sometimes the clustering isn't fine enough, leaving
heterogeneous clusters that must be edited one line ata time. One
solution to this problem would be to let the user rearrange the
clustering manually using drag-and-drop edits. Clustering and
selection generalization would also be improved by recognizing
common text structure like URLs, filenames, email addresses, dates,
times, etc.
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Figure 1. Soylent combines contributions from paid crowd workers to generate a large number of alternative shortenings for a docu-
ment. The user drags the slider to specify the desired text length. Red text indicates locations where cuts or rewrites have occurred.

1/ 4



Michael Bernstein - Research Statement

To improve Soylent’s crowd work quality, I developed a design pattern
called Find-Fix-Verify that guides workers through open-ended editing
processes (Figure 2). Traditional approaches that ask workers on Me-
chanical Turk to shorten or proofread text do not work: lazy workers all
focus on the simplest problem and overeager workers introduce unde-
sired changes. Find-Fix-Verify splits complex tasks into creation and re-
view stages that use independent agreement to produce reliable results.

This work was awarded Best Student Paper at AcMm UIST 2010, and has
been cited over fifty times in the year since it was published. Find-Fix-
Verify has already been adapted by researchers for tasks like image seg-
mentation, map labeling, and formal crowd programming languages.
The work has also been included in the curricula of several graduate
human-computer interaction and crowdsourcing classes, including at
Stanford University, UC Berkeley, UT Austin, University of Michi-
gan, University of Toronto, University of Maryland at College Park,
UC Santa Cruz, and Harvard University.
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“Identify at least one area that can be shortened

without changing the meaning of the paragraph.”
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“Edit the highlighted section to shorten its length

without changing the meaning of the paragraph.”
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Verify

“Choose at least one rewrite that has significant

style errors in it. Choose at least one rewrite that
significantly changes the meaning of the sentence.”
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Figure 2. Find-Fix-Verify improves
work quality for open-ended tasks like

Many crowd-powered systems need responses in seconds, not minutes.
text shortening.

For example, digital camera users want to preview their photos im-
mediately, before typical crowds could finish any work. In response,
I developed Adrenaline, which can recruit workers in two seconds and
execute large searches in ten seconds [2]. This realtime crowdsourcing
can complete typical tasks such as votes in just five seconds, and can also
power complex interactive systems such as digital cameras. An Adrena-
line camera captures a short video instead of one frame, then uses the
crowd to decide on the best moment (Figure 3). This camera can iden-
tify the best smile, catch subjects in mid-air jumps, and decide on the
best angle available, all in seconds.

Figure 3. Adrenaline’s realtime crowds
operate a camera shutter by choos-
ing the most photographic moment
seconds after it happens.

Adrenaline’s recruitment approach, called the rezainer model, pays workers a small wage to be on call and re-
spond quickly when asked. Its insight is that algorithms can guide realtime crowds to complete tasks more
quickly than even the fastest individual crowd member. The Adrenaline camera thus focuses workers’ atten-
tion on areas where they are likely to agree, reducing a large search space to a final answer in a few seconds.

CREATING CROWDS: THE DESIGN OF SOCIAL SYSTEMS
When existing crowds are not appropriate for the goal, I design social systems that create new crowds. I pair
these designs with studies of online communities.

I create crowds that collect information unknown to most people. For example, I introduced the concept
of friendsourcing, which collects information known only to members of a social network [3]. Collabio,
my friendsourced person-tagging application, gathered over 29,000 friend-authored tags on thousands of
individuals on Facebook [4]. Evaluations demonstrated that the vast majority of this information is not
available elsewhere on the web. Collabio tags have already been used to create personalized news feeds,
question-routing systems, and social network exploration tools. Friendsourcing applications can also am-
plify existing social interactions. I developed a friendsourced blog reader called FeedMe that helps active
web readers share interesting content, then observes those shares to learn recipient interest models and
improve its sharing recommendations [5]. In effect, FeedMe is a social collaborative filtering engine. Other
researchers have also applied friendsourcing for applications such as adding edges to social network graphs.
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I complement these systems with empirical work studying existing crowds and communities. For example,
researchers and practitioners often assume that strong user identity and permanent archives are critical to
online communities. However, communities like 4chan /b/ attract millions of users without identity sys-
tems or archives. Our investigation of five million posts on /b/ was the first large-scale analysis of an anony-
mous, ephemeral social system [6]. We found that /b/ moves incredibly quickly: the median thread spends
just five seconds on the first page and less than five minutes on the site before new content replaces it. Over
90% of posts are made by fully anonymous users, with other identity signals adopted and discarded at will.
The lack of user identity and archives produces a fast-churning ecosystem that encourages experimentation
and likely plays a strong role in /b/’s ability to create well-known memes and drive internet culture.

Our work on 4chan /b/ was awarded Best Paper at aaa1r 1cwsm 2011, and an online video of my conference
talk has been viewed over one thousand times.

INTERACTIVE CROWD DATA

When crowds browse the web or use social media, they leave activity traces that can be mined for interactive
applications. I build user experiences that utilize this data, as well as tools that allow end users to directly
explore it. These goals often create opportunities for algorithms in data mining and information retrieval.

Query logs offer an opportunity to rethink not just search ranking, but |dog temperature m|
the entire search user experience. Inspired by this goal, I created 7zi/ Normal Body Temperature for Dogs
Answers, which return direct results for thousands of information needs The normal dog body temperature is 101.5°F
. L. . (38.6”(?)‘Abo.dy temperature of 102°F (38.9°C) or
like conference submission deadlines, the average body temperature for ~ aboveis consideredaa fever.
d F 4 d I b . I . h 1 ﬁ d Source: http://www.doghealth.com/temperature.htm
ogs (Figure 4), and molasses substitutes [7]. I mine search logs to fin Takina Your Dog's Tameeratun
common session endpoints for informational queries, then use paid ~  Wnenyourdogisil.youmay have to determine..
crowds to extract the answer from endpoint webpages. Tail Answers sig- ~ Figure 4. Tail Answers mine browser
. ) o . ’ S logs to generate thousands of direct
nificantly improve subjective ratings of search quality and users’ ability =~ answers to queries.

to solve their information needs without clicking on a result.

By analyzing social data feeds, applications can also help users make sense of their network and unfolding
events. I developed a Twitter topic browser called Eddi that introduces a web search technique for mining
open-world topics out of microblog updates. Using this TweeTopic algorithm, Eddi users can filter and
explore their feed via implicit topics like research, c++ or a favorite celebrity [8]. TweeTopic outperforms
existing topic modeling approaches for Twitter browsing and the interface doubles users’ ability to find
worthwhile content.

RESEARCH AGENDA

I aim to make crowd computing, web-scale data, and social networks integral parts of computation. Soylent
is typical of my approach: I pick a goal that is beyond the capabilities of a crowd platform, understand why
the system has those limits, push forward the discipline by developing techniques to overcome those limits,
and embed the ideas in an application that achieves my original goal. This section outlines some future
opportunities that I am excited to pursue.

What is the crowdsourcing platform of the future? While Amazon Mechanical Turk is a useful prototyping
platform, its current incarnation has serious limitations. For example, it will be critical to move toward
more expert work. I am interested in platforms that could assemble flash crowds of experts to pipeline large
tasks. Starting with a sketch for a user interface, such a platform could find a designer to create a mock-up,
pass the mock-up to a usability professional for testing, loop until the design meets usability goals a few
hours later, and finally recruit a programmer to implement the interface. Put another way: what would it
take to crowdsource a presentation, or an entire software program, or a symphony?
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A science of crowdsourcing. There has been explosive growth in crowdsourcing over the past two years, but
we need to pair discovery with principles. Specifically, we need to develop design patterns and best practices
for crowd computing. We also lack methods to analyze and compare the complexity of crowd computing
algorithms. A formal framework or set of benchmarks would allow us to compare approaches along axes
such as cost and size of crowd, latency, quality and worker stress.

Social application design. 1 have a long-standing interest in using social and crowd computing to create new
user interface tools. I want users to be able to draw on thousands of professional authors’ styles to improve
their own writing; to galvanize gigabytes of open-source code to auto-complete not just the line of Python
they are writing now, but the entire design pattern they are trying to apply; to mine social network status
update feeds to personalize search; to accelerate navigation through a popular but poorly-designed web site.

In graduate school, I have been fortunate to collaborate with over fifty coauthors and ten academic depart-
ments. | intend to continue this tradition of collaboration as I move forward.

In sum, my research draws on crowds to innovate in human-computer interaction, and it draws on human-
computer interaction to innovate in crowd computing. This work opens opportunities for a broad class of
systems that combine human and machine intelligence.
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