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Abstract

Open data collection over the World Wide
Web — in which any web user can con-
tribute to large databases of “informal” data
— presents several challenges that require
novel approaches in human interface design,
algorithmic machine learning and collabora-
tive infrastructure. Foremost among these
challenges is the need to ensure data in-
tegrity and quality, by automatically or semi-
automatically identifying unreliable or hos-
tile contributors and rejecting their contributed
data. Other, traditional requirements include
security, scalability, and the need to support
collaboration between separate but related data
collection projects. Further, for the open
software/data model, the system must permit
users to freely browse, navigate and download
the contributed data. This paper presents a
collaborative architecture for a set of such data
collection projects that addresses these chal-
lenges and requirements. Key components of
this architecture have been implemented and
tested as part of the Open Mind Initiative.
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1 Introduction: The need

for large training datasets

Nearly all software projects in pattern classi-
fication and artificial intelligence (AI) — such
as search engines and computer vision systems
— require large sets of training data. For in-
stance, state-of-the-art speech recognition sys-
tems are trained with hundreds or thousands
of hours of speech sounds transcribed or “la-
beled” by knowledge engineers; leading optical
character recognition systems are trained with
pixel images of several million characters along
with their transcriptions; one commercial ef-
fort at building a database of common sense
information has required 500 person-years of
effort so far, most of this in data entry [6].
In fact, there is theoretical and experimental
evidence that given sufficiently large sets of
training data a broad range of classifier meth-
ods yield similar high performance [4]; like-
wise, the vast majority of complex AI systems
improve as their training sets are enlarged.
In a Bayesian framework, we say that train-
ing with sufficiently large datasets “swamps
the prior information” implicit in the choice of
classifier model [2], and thus data becomes a
dominant factor determining the final system



performance. For these reasons, some theo-rists as well as builders of classifiers and AIsystems are turning their attention away from
minor refinements in classifier algorithms and
toward methods of collecting large reliable sets
of accurately labeled data [5].

What are some of the sources of such vi-
tal data? Optical character recognition com-
panies employ knowledge engineers whose sole
task is to optically scan printed pages and then
transcribe and confirm (“truth”) the identities
of words or characters. Likewise, the Linguis-
tic Data Consortium has dozens of knowledge
engineers who transcribe recorded speech in a
variety of languages on a wide variety of top-
ics. Entering data by hand this way is often
expensive and slow, however. An alternative
approach, traditional data mining [3], is in-
adequate for many problem domains in part
because data mining provides unlabeled data
or because the data is simply not in an appro-
priate form. For instance the web lacks pixel
images of handwritten characters and explicit
common sense data and thus such information
cannot be extracted by data mining. More-
over, accurately labeled data can be used in
powerful supervised learning algorithms, while
if the data is unlabeled only less-powerful un-
supervised learning algorithms can be used [2].
For this reason, we naturally seek inexpensive
methods for collecting labeled data.

As we shall see below, the internet can be
used in a new way to gather needed labeled
data: facilitating the collection of informa-
tion contributed by humans. This paper dis-
cusses a novel large-scale collaborative frame-
work for collecting data contributed over the
World Wide Web — the Open Mind Initia-
tive, as described in Section 2. The Initiative’s
unique challenges and infrastructure are pre-
sented in Section 3. Sections 4 and 5 discuss
the current implementation and future direc-
tions, respectively.

2 Open Data Collection

2.1 Trends in open software and
infrastructure

There are several compelling lessons from col-
laborative software projects that have major
implications for systems supporting the col-
lection of data. Consider the open source soft-
ware movement, in which many programmers
contribute software that is peer-reviewed and
incorporated into large programs, such as the
Linux operating system. Two specific trends
must be noted. The first is that the aver-
age number of collaborators per project has
increased over the past quarter century. For
instance, in the late 1970s, most open col-
laborative software projects such as emacs in-
volved several hundred programmers at most,
while by the 1990s projects such as Linux in-
volve over 100,000 software engineers. The
second trend is that the average technical skill
demanded of contributors has decreased over
that same period. The programmers who con-
tributed to gcc in the 1980s were experts in
machine-level programming; the contributors
to Linux know about file formats and device
drivers; the contributors to the Newhoo collab-
orative open web directory need little if any
technical background beyond an acquaintance
with HTML.

These trends, and the emergence of the
World Wide Web, suggest that collaborative
efforts can be extended to an extremely large
pool of contributors (potentially anyone on the
web), whose technical expertise can be low
(merely the ability to point and click). This is
the approach we explore below.

2.2 The Open Mind Initiative

The central goal of the Open Mind Initia-
tive is to support non-expert web users con-
tributing “informal” data needed for artificial
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intelligence and pattern recognition projects.
The Initiative thus extends the trends in open
source software development to larger and
larger groups of collaborators, allowing lower
and lower levels of technical expertise. More-
over, the Initiative broadens the output of col-
laborative projects: while traditional open-
source projects release software, the Initiative
releases both software and data [8]. Our goals
also differ markedly from gnutella.org and
napster.com, which seek only to share exist-
ing files, not learn from or generate new ones.

A prototypical open data collection project
in the Initiative is illustrated in skeleton form
in Fig. 1. The project site contains a large
database of isolated handwritten characters,
scanned from documents, but whose character
identities are not known. Individual charac-
ters from this database are presented on stan-
dard web browsers of contributors who then
identify or “label” the pattern by clicking but-
tons on a simple interface. These labelings are
automatically sent to the project site, where
they are collected and used to train software
that classifies handwritten digits.

Some data acquisition projects in the Ini-
tiative could employ novel human-machine in-
terfaces based on games. For instance, imag-
ine an Open Mind Initiative chatbot project
in which data is collected while contributors
play a modified version of Dungeons and Drag-
ons. In this new game, players read short
texts — which discuss potions to drink, swords
to brandish, rooms to enter, tasks to accom-
plish — generated by automated text gener-
ation programs. As part of the game, play-
ers must indicate how “natural” these texts
are. This valuable feedback, collected at the
project site, provides information for adjust-
ing the parameters in the text generation pro-
grams, thereby yielding more natural gener-
ated text. In such game-based projects, con-
tributors download the game software (pre-
sumably written in Java) from the project site.

Figure 1: This simplified, skeleton architec-
ture shows the general approach in an open
data collection project on isolated handwrit-
ten digit recognition. The unlabeled pixel im-
ages are presented on the browsers of contrib-
utors, who indicate their judged memberships
by means of a button interface. Occasionally,
the same pattern is presented to two or more
independently selected contributors, to see if
they agree; in this way, the reliability of con-
tributors is monitored semi-automatically.

The data captured on the contributor’s ma-
chine is stored locally and sent to the project
site at the end of a game session.

There are a number of incentives for people
to contribute to Open Mind Initiative projects.
Contributors seek benefit from the software
(as in a text-to-speech generator); they enjoy
game interfaces (as in online versions of Dun-
geons and Dragons); they seek public recogni-
tion for their contributions (as in SETI@home);
they are interested in furthering the scien-
tific goals of the project (as do amateur or-
nithologists through annual bird counts for the
Audubon Society); they seek financial incen-
tives such as lotteries, discounts, e-coupons or
frequent-flier awards provided by third-party
corporations [7].

The Open Mind Initiative differs from
the Free Software Foundation and traditional
open-source development in a number of ways.
First, while open-source development relies on
a hacker culture (e.g., roughly 105 program-
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mers contributing to Linux), the Open Mind
Initiative is instead based on a non-expert
web user and business culture (e.g., 109 web
users). While most of the work in open-source
projects is directly on the final software to
be released (e.g., source code), in the Initia-
tive most of the effort is directed toward the
tools, infrastructure and data gathering. Fi-
nal decisions in open source are arbitrated by
an expert or core group; in the Initiative con-
tributed data is accepted or rejected automati-
cally by software that is sensitive to anomalies
or outliers [1]. In some cases, data can be re-
jected semi-automatically, for instance by hav-
ing data checked by two or more independently
chosen contributors. Such “self-policing” not
only helps to eliminate questionable or faulty
data, it also helps to identify unreliable con-
tributors, whose subsequent contributions can
be monitored more closely or blocked alto-
gether. It must be emphasized that the Open
Mind Initiative’s approach also differs signifi-
cantly from traditional data mining. In par-
ticular, in data mining a fixed amount of unla-
beled information is extracted from an existing
database (such as the web), whereas in the Ini-
tiative a possibly boundless amount of labeled
data is contributed.

The Open Mind Initiative has the potential
to be one of the largest collaborative projects
of any sort, with anyone on the web a contrib-
utor (www.OpenMind.org).

3 Infrastructure for open

data collection

The goals listed above place a number of con-
straints on the infrastructure of the Open
Mind Initiative. Figure 2 shows a schematic
of the Initiative’s infrastructure, which sup-
ports computation, collaboration, and a range
of database functions. Central is the home

web site which contains background informa-
tion and documentation for potential contrib-
utors, the mailing list and archive, as well as
mirror databases of the data collected at in-
dividual projects. In the open source/data
model, such mirroring gives added confidence
to contributors that the data is available to all
and cannot be controlled by a single person or
group. Automatic ftp transfers at regular in-
tervals update the usage logs and these mirror
databases at the home site. Each project site
has software for monitoring data quality and
identifying unreliable or hostile contributors.
The email addresses of such unreliable contrib-
utors are forwarded to the Initiative home site
and are available to other projects. Since the
previously contributed data is indexed by the
identity of its contributor, data from discred-
ited sources can be removed at any time.

While in most of the Initiative’s projects
contributors provide data through standard
web browsers, in other projects contributors
will require a more sophisticated human inter-
face. For instance, in projects using a game
interface, contributors will download the pre-
sentation and local cacheing software resident
from the project site, and install it on their
local machine. Data is collected while the
contributor plays the game and is sent to the
project home site at the end of a game session.
This organization reduces the direct web con-
nection time for contributors, which might be
of concern for contributors paying for dialup
access to the web.

In an open source software/data framework,
the infrastructure and architecture also sup-
port external experts, for instance the devel-
oper of handwriting recognition systems who
seeks the Open Mind Initiative’s labeled char-
acter database. Such an external expert would
have to digitally sign an open source/data li-
cense, and would then be free to download the
data from either the project site in question or
from the mirror database at the home site.
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Figure 2: System architecture of the Open
Mind Initiative, here showing the home site, k
project websites, n desktop machines of non-
expert contributors, and one external expert.

The Initiative also profits from the con-
tributions of programmers of infrastructure,
database and security software, much as in
the Linux developer community. So far such
contributions represent a small proportion of
the Initiative’s total effort. The current ar-
chitecture has no special provisions for facil-
itating contributions of software, which are
handled by each component project on an

ad-hoc basis. As contributed software be-
comes a greater consideration in projects, well-
established open-source methods will be used
for sharing software across the entire Initiative
[9].

While newcomers to the Initiative generally
go to the home page first and then follow a
link to a project of particular interest, in later
sessions they can go directly to the chosen
project. As such, the scalable distributed ar-
chitecture in Fig. 2 thus reduces total network
traffic and increases the overall speed of com-
munication.

This infrastructure and software provide a
model for other data collection projects — on
the web or on local area networks.

4 Current status

The Open Mind Initiative has four projects
in progress: handwriting recognition, speech
recognition and a small, demonstration AI
project, Animals. These have been tested on
intranets and are being debugged and load
tested for full web deployment. The fourth
project site, Open Mind common sense, is
open and accepting contributed data over the
web. As of April 2001, it has collected
400,000 common sense facts from 6500 sepa-
rate contributors through a range of “activi-
ties,” such as describe a picture and re-
late two words. To date, data monitor-
ing in this project has been semi-automatic
whereby contributors “self-police” the contri-
butions of each other.

Much of the infrastructure shown in Fig. 2
is in place and has been tested, such as the
documentation, mailing list and archive at the
home site, links to individual projects and
databases at project sites. While each project
leader has software and tools for navigating
their own databases, these tools have not yet
been refined for external users.
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5 Future work

There remains much work to be done on the
Open Mind Initiative itself and its infrastruc-
ture. Indeed, like most open-source projects,
the Initiative is an ongoing and evolving en-
deavor. Our next major milestone is to load
test the Open Mind handwriting project and
transfer it to the web. The subsequent step is
to develop software for smooth navigation and
integration of project databases.

We are soliciting additional projects that
would profit from the Open Mind Initiative
approach, for instance projects for collecting
the parts of speech of sentences extracted from
the web (so-called “bracketing”), game-based
interfaces, and so on. A particularly intrigu-
ing project would be to collect digital images
of animals, to be used to train sophisticated
computer object recognition algorithms. Thus
a contributor would upload JPEG images of
pets or forward ones already on the web. We
are developing machine learning algorithms for
automatically monitoring the quality of con-
tributed data and we believe the current ar-
chitecture will support such algorithms.

The general infrastructure of the Open
Mind Initiative is flexible and scalable; it
should support a range of new projects and
requirements as they are introduced.
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