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For decades, the Al community attempted to build intelligent systems by writing software
that mimics human thought processes. More recently, researchers have advocated solving com-
plex problems by building networks of interacting autonomous agents. But some researchers are
now proposing that the key to building intelligent systems is leveraging the power of individual . . S .
human thought. The idea is that now that networked information systems are widely availalole,gaplng _h0|e_ in our individual memorl_es. I
they can be used to link together the mental efforts of individuals in innovative ways. am talking in general about speculative mar
In this installment of “Trends and Controversies,” we discuss two variations on this idea. ~ Kets, and in particular abodécision mar-
First, Robin Hanson describes his idea of decision markets, also known as idea futures, in whikéts Decision markets might allow us to
matters of public debate are resolved via a mechanism like a commodities market. more accurately estimate the consequence
This idea rests on the assumption that the answers to pressing social questions (such as, of important decisions, by helping us to bet-
“Does violence in video games cause violence in children?”) are not generally agreed on be- ter share relevant information.
cause those in _the_best position to knOV\{ the a_nswer .can’t or won't sh_are this informatiop. The_ Consider, for example, a clearly impor-
proposed solution is to create a market in which getting the answer right or wrong has flnanma[lant policy question such as
consequences. The hypothesis is that a market like this will tend to draw out the voices of those '
who are in good positions to know the correct answer. Just as online auctions let buyers and  How would crime rates change if more citi-
sellers find acceptable prices for their merchandise, an idea market allows knowledge-seekers taens could legally carry hidden guns?
find a well-motivated answer for their question. The market might also compel people to invest
in research to find out the correct answer. Many observers say hidden guns obvi-
The reason this idea might work is that those who are not well-informed will quickly lose  ously increase crime, while many others
their investments and will be motivated to stop participating in the market, while those who hawtrongly disagree (see John Lotlere
more accurate information stand to gain more from the market and will direct its outcome. HarGuns, Less CriméJniv. of Chicago
son cites research in which an idea-based market was better at predicting election results thapress).
polls and expert forecasts. - N | suspect that the existence of such diver
In the second essay, Da_V|d Stork presents What_h_e calls the Open Mind Initiative. This is agent opinions reflects the fact that we suf-
broader formulation of an idea that subsumes decision markets. Stork argues that the newly . . .
. fer from a serious failure to share informa-
networked society lets us capture and pool the results of human mental cycles that would oth- . .
erwise be lost if simply expended in individual pursuits. For example, rather than simply play—t'on' The so-called Information Revolution
ing a video game, why not play one that has a side-effect of producing training data for a

has greatly improved our ability to find out
machine-learning algorithm? Rather than simply finding and bookmarking a useful Web pagevhat others have said. However, it has don
why not add it to an online Web directory? Many piecewise variations of these ideas are cur- much less to improve our ability to find out
rently being bantered about; Stork puts these within a framework that lets us think about therwhat other people know. We can now find a
more generally. He also draws parallels and contrasts between Open Mind and the Open  blizzard of words on a topic such as the

Source software development effort. interplay between guns and crime, but we
These essays are complementary to those that appeared in the January/February 1999 | .how that most of those words are written

“Trends and Controversies” on the unforseen social consequences of networked information by people with axes to grind. The real
systems. The earlier essays described how networked information systems are changing SOCier%blem is not finding more Words but

this issue addresses how society might help build intelligent systems. p . .
i ¢ 2 4 judging who really knows about the topic

and whether these experts are saying wha
they know. We are in many ways bit-full,
yet information-poor.

| suggest that speculative markets are a
neglected way to help us find out what peo

—Marti Hearst !

e The human part of any large intelligent
Robin D. Hanson, George Mason Univers tysystem is by far the most intelligent part.

As long as this remains true, the biggest

Engineers’love of technology often gets system advancements will come from aid
in the way of their being useful. Consider | that fill big holes in human abilities, rathe
Post-it Notes or, better yet, plain paper notethan from artifacts that stretch engineers’
pads. These probably seemed like trivial | abilities.
ideas, but they turned out to be terribly use- | mention all this because | want you to
ful. Why? Because the marvel that is the | consider a simple, not very technically cha
human brain has a horrible short-term memlenging idea—one that might nevertheless
ory, which means that dumb-as-dirt memarnyfill a gaping hole in our collective intelli-
aids can make people substantially smartergence, similar to the way notepads fill a

ple know. Such markets pool the informa-
stion that is known to diverse individuals
into a common resource, and have many
advantages over standard institutions for
information aggregation, such as news
media, peer review, trials, and opinion
I-polls. Speculative markets are decentral-
ized and relatively egalitarian, and can
offer direct, concise, timely, and precise
estimates in answer to questions we pose.
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These estimas ae self-consistent agss a
wide range of issues anaespond quikly

to nev informaion. They also seem to be
chea and elatively accuete.

In paticular, for questions surcas hid
den guns and itne, | suggest we consider
decision makets,which ae specultve
mairkets bcusing on pdicular decisions.

How decision markets work

Imagine tha we cieaed makets vhere
people could bet on futeicime rates,con
ditional on alleving or not alleving moe
hidden gunsTha is, if the maket piices
predicted thamurder etes would be 10%
higher should a ct&in hicdden-gun bill pass,
then ayone who thought this estint@ too
high could easjl identify a paticular piof-
itable trade If you made this &de and the
maiket estimée then &ll to 5%,for exam:
ple, you could undo this &ide br a pofit.

Imagine further tha if market piices said
tha crime rates would be 10% higherigen
more hidden gunsmost nongpetts would
accet this estimee as oufbest ansver” or
as a neutl “consensus.In paticular, a
stde legislature might accpt this estimge
when consideng whether or not to pass
this hicden-gun bill.

| call suth a set of méets a decision
mariket. In this sitution, advocaes br eah
side of an issue ould be brced to infu-
ence specutars if they wanted to infuence
geneal opinion. Specutars,in tum, would
have a ¢ear incentre to be caful and
honest in conibuting wha they know and
in judgng wha advocaes knav. This is
because specutas nust“put their mong
where their mouth i&.

Six stgs ae required to ceae a deci
sion maket to help us better slainforma-
tion on a topic sutas the ééct of hidlen
guns on dme.

First,you nmust stée your daim dearty.
For example you might bcus on a péicu-
lar bill B before your stae legislature,
which would allov more citizens to cay
hidden gunsYou might decide tooftus on
your stae’s murder igte, using some stan
dard govemment stéistic M as yur oficial
measue of it.You should bhoose a lwvest
and highestelevant nurder rate, and scale
M so tha M = 0 & the lovest ete and M =
1 & the highestate. (You might d&ioose
for example the lovest gte to be 2ro mur-
ders and the highestte to be the popula
tion siz, which is the highest conceble
murder ate.)

Next, you must cnoose some pacular
trusted thid paty who will finally dedare
a nurder rate M within [0,1] and detenine
whether bill B passedThis paty might be
a jury randomy drawn from some pool.)
You mrust also either pica dde by which
these judgs ae to decidetie the juddng
to some othenent like the elease of mar-
der stéistics,or grant the judgs discetion
to choose this de for themseles.

Third, you must doose wha assef you
will bet. If the bet is ging to last ap sub
stantial timeasseA ought to gve a ea
sondle rate of retum, to induce specutars
to invest in it.You might pi& a saé gov-
emment bongor you might pik a boad-
index stok mutual fund

Also, given M, B, and this asset, you
authoize someihancial institution to
malke exchanges betveen units oA and the
following set of bur assets:

M units ofA if B passes,

M units ofA if B does not pass,

1 — M units ofA if B passes,

1 — M units ofA if B does not pass.

o

Note thabecause M + (1 — M) = &nd be
cause B either will or en't passthis finan
cial institution tales no isk from these
exchanges; eah set of bur assets will be
worth exactly one unit ofA in the end
Fifth, you creae makets in vhich pee
ple can tade \arious combin#ons of these
assets with e&cother In paticular, if peo-
ple trade asset bf the lundle of assets 1
and 3the maket piice (assetatio in
trades) is an estin®of the nurder rate
conditional on the bill passin@imilaty,
the pice in tades of asset ®if the lundle
of 2 and 4 is an estirteof the nurder iete
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conditional on the bill not passinilore-
over, compaing these tw estimaes tells
you whetherand ty how much, specula
tors expect this bill to incease or deease
the nurder rate.

Finally, you have to decide ho much to
subsidiz this maket. If intelest in your
topic is stong enoughsimply creding
these mdsets might induce people tatie
in them. Riling tha, suficient inteest
might be induced if someone committed to
make a poliy choice based on the nhat
estimde. A stae lagislature, for example
might commit to pass the bill or not-de
pending on the mket estimée of their
effect on the rarder iate.

You can also safy and diectly subst
dize a maket to induce ma paticipation.
Doing this in effect cedes arinformation
prize offered to those Wo first male the
maiket piice better eflect relevant infor-
mdion. (In econo-spealkone way to do
this is to ceae a maket maler whose bid
and ask pces ae monotonic functions of
its assets heljl

In addition to estiméng the efect of
hidden guns on @ne, decision méakets
might gve us estimizs on

e Murder rates—with or without cpital
punishment?

» Average motality rates—with or with
out ndional health insance?

» Health-cae spending—withx@anded
or cutailed use of health maintenace
organizaions?

*  Employment hlang—raise mininum
wage or escind MFTA?

* Global sea-leel and tempeture
changs—impose or not impose a €ar
bon dixide tax?
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e Military casualties—with a
Repubican or a Demoatic
president?

e Stodk prices—with a RpuHi-
can- or Demoat-contwolled
US Congess?

* World percapita food con
sumption—aise or laver aver-
age taiffs?

e Student test sces—uwith or
without sdool choice or
voudher reform?

¢ Future ndional economic gwth
—raise or lover inteest ates,
or with or without an edu¢an
subsig?

Scienceittion wiiters hae pos

Give me “nuclear-powered aircraft” for 50! )

(How about “world government” for 100? )

read/ use them todrm consensus

I'll take “single best programming language )

for all applications” for 200!

on topics sue as the caelaion
between hidlen guns and tne?
Until the last éw centures,the
cost of simpy handling tades vas
enough to shaty limit the rumber
of speculéive makets thacould be
made wide} available. Yet tody
ebay. comroutinely sells $10 items
by having a handful of people bid a
few times eak over a peiod of a
week. Moeover, play-money Web
betting @ames hee shavn tha just
a handful of peopleeat making a
few small tades wer seeral yeas,
can cede reasonhble estim&es on
a wide \aiiety of questions. (See
wwwhsx.commyhandcom and

ited ezen moe ubiquitous betting
maikets (seeahn Biunners Sho-
wave Rider Del Rgy Books,and Mac Stet
gler'sEarthweb). In geneal, decision mar
kets can estina the net ééct of ay policy
choice of inteest on ayp outcome of integst,
as long as theris a decent@ance thig after
the fact,we can easonble verify wha out
come hapened and het policy was dhosen.

How well do markets work?

By its ndure, a betting-méaket estimée
is decentalized, direct,concisetimely,
precise self-consistentand esponds
quickly to nev information. It is also gali-
tarian, if everyone is alleved to paticipate.
But haw clear, chea, and acclate ae suh
market estimges?

On accuagy, decades ofaseach on the
efficiengy of financial makets hae found
little price-relevant informéation tha is not
reflected in maket pices.Any inefficien
cies seem to beemak and to g avay with
pubicity, because therepresent a mfit
oppotunity. If you think the cuent pice
is too law, you expect to pofit by buying
now and selling lger, and luying nav will
raise the pce, patially corecting the eor
you peceived

Speculéive makets hae done ell in
direct tests gainst standak information-
aggregation institutions. Br example
orange juice futues pices hae been shan
to improve on gvemment veaher fore-
castst Also, makets where trades can bet
on election esults pedict \ote totals better
than opinion polls?

How do makets do so wll?After all,
aren't they made of the samalfible
humans as other institution&atudy of

those election m&ets bund thawhile
most tades tended to stér from cani-
tive biases sirtas &pecting othes to
agree with themthe most actie trades
were not biased this ay—and actie
trades set the pces. Speculave makets
thus seem to induce theal xpetts to self-
select and pécipate moe. Lab experi-
ments also indida tha speculéive mar
kets tend to ggregate information when
trades ae epelienced with theiroles and
know the pgoffs for other oles?

Older economics \itings sometimes
give the impession thaspeculéive mar
kets will not function unlessou have thou
sands of edes frequenty trading millions
of dollars worth of goods. Recentveb
markets,however, shav clealy tha mar
kets can be och smaller and slger than
this. Futhemore, a subsidied maket can
function over ary time peiod with only
onetrader If an information prize is
offered and ony one peson is induced to
leam enough to oyl once corect the initial
maiket piice to something elséhe maket
has still seved a aluable information role.

With subsidiesthe key question is not
whether ve can cede speculive makets,
or whether sule makets can induce people
to lean and eveal informétion. The key
guestions & whether the irdrmation
gained is vorth the costs paid andhsther
a similar benéf could hare come heger
via some other institution.

What’s the holdup?
If speculdive makets ae so gea at in-

D

formation aggregation, why don't we at

especialy wwwideosphez.com)

More impotant,most speculave
maikets ae nav illegal. The shar history of
financial maket regulation is tha every-
thing was once illgal, until limited exemp
tions were ganted ér specifc purposes.
Betting on cadls was a bolish waste of
mongy; only fools would invest in a bisiness
they did not dosely monitor; and it vas the
height of blly to let people bet on the dba
of othes. So casinostods,and insuance
were all banned'

Graduall, exceptions were ganted br
wha came to be seen a®sthy pumposes,
sud as teaking people bout hoses
(horsercing) or aising stée reverue (lot
teries). Stoks were alloved for the pur
pose of cpitalizing firms,and insuance
was allaved to let indviduals hedg risks.
More recenty, commodity futues and
financial deivatives were alloved to let
firms hedg moke iisks.All these aeas a&
highly regulated however, in pat to pre-
vent limited &emptions fom devolving
into genenl gamHding.

Accepted functions of mé&ets nov
include entetainmentcepitalizaion, and
hedgng, but notinformation aggregation.
Thus while it is widely recagnized tha
maikets ceded for other puposes accom
plish 1A, we're prevented fom ceding a
market whose pimary function is 1A. So
we cannot aae a maket whose Igal
price would inform raging policy debaes,
sud as the intgrlay between cime rates
and hidlen guns.

Okay, betting makets ae mainy illegal.
But if economists hae dda sugesting tha
that speculéive makets do vell a IA, why
aren't lots of economists pushing the idea

18

IEEE INTELLIGENT SYSTEMS




of better IA via moe makets?

Actually, it’s worse than gu think; econ
omists also hae sophisticeed theoy tha
suggests thalA should not be thzhaid on
factual topics lik the effiect of hidlen guns
on ciime. Raional ayents should notven
be dle to ayree on vhich one of them thinks
hidden guns cause nmocime.® (I won't
sa&y more, as the editor wisgladvises
against using mar econo-speak.) E€o
nomic theoy thus eally does sugest we
humans hee a @ping hole in our social
intelligence

So why aren’t economists pushing IA
markets? One anger is tha economists &
just spead too thin. Economic thgosug
gests man policy improvements wer the
staus quoand thee ae few economists
tha aryone else will listen torhese éw
economists thus ke to coose their ba
tles caefully.

The elevant theoy for IA is also ecent,
and most economists dayet knav about
it. Worse the IA functions of madeets
seem too completo model in nuch gen
erality. When systems become too com
plex to model in detailengneers usualy
resot to kuilding and testing theg#
inspired pototypes. Hwever, economic-
theoiist types vio undestand this aa ae
reluctant to mee thd far avay from the
ory. (Cepitalization and hedimg functions
of makets ae easier to modedind econe
mists do use thepito design maeet pio-
totypes obr these functions.)

It thus seems tafl to a Bw economics-
savvy and enmeeing-minded blks like
me to think of using @totypes to xplore
the idea of using merspeculive makets
for IA.

A promising direction: internal
corporate markets

On the types of topics tohich they
have been pplied so &r, IA markets hae
looked pomising There remain,however,
mary legitimate concens. For example
does thexstence of speculive makets
discourge comnunicdion via other ban
nels,and is this a net benebdr loss?

Tests of pototypes might help us amer
sud questions. But vocan ve test poto-
types,if IA markets ae geneally illegal?
Well, there is one plauslb loophole (be
sides dfshore gambing), which | have
saved for those of gpu who ae still reading
this far:intemal coporate makets. Copo-
rations hae ged leevay in wha they male

employee bomises dpend onand a contin
gent bors is petty dose to a bet. Sogeral
companiesincluding Hevlett-Padard and
Siemenshave bgun &peimenting with
real-mong intemal speculdve makets br
estimding things sul as futue sales.

Cormorations also need to maldeci
sions,and often hee poblems inducing
relevant paties to eveal informaion about
the consequences of those decisions. Fu
themore, companies ha a god ough-
and-ead/ measue of“good for the com
pary"— the sto& price. Thus,you could
crede decision maets tha estimae
whether ag paticular decisionsuc as
introducing a n& product,is better or
worse than some altegtive for the stok
price. Alterndively, you might pedict the
sales of some pduct contingnt on some
important poduct-design decision.

Just as noteads ill a gaping hole in our
individual ca@nitive ailities, speculéive
maikets might il a gaping hole in our cal
lective ability to shae informaion. Eco
nomic theoy sugests thalA should not
be tha ha, at least br factual poligy
questions lik the effiect of hidlen guns on
crime rates. Speculive makets seem to
work well a sud tasks. Let us thus de
velop pototypes to ®plore this potential,
in the hopes of somegdifting current
legal bariers to widespead use of mer
effective institutions ér IA.

For moee information on this topicsee
http://hanson.béeley.edu/ideafutues.html.
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The Open Mind Initiative
David G. Stok, Ricoh Silicorvalley

After decades ofaseath in patem
recagnition and components of intelégt
systemstheAl community has shifted its
focus fom fundamental conpés and méh-
emdical tedniques to lage-scale d@ ac
quisition and kneledge engneeing. In
contest after contest in academic and-com
mercial realmsthe best systemsif optical
chamcter speeb and &ce ecaynition,and
S0 on ae the ones &ined with the most
daa. Collecting ery large, high-quality
daasets iswédently vital to piogress in
these and seral other agas. Suc dda is
informal—knawvn by everyone who can
read speakpr heayor has a commonsense
undestanding of the arld.

Considertoo, the qualifed kut increas
ingly compelling success of the Open
Source methodolgy—which promotes
software reliability and quality ty suppot-
ing independent peerview and epid evo-
lution of freel distibuted souce code
Linux, SendMail Apade, the Mozilla \er-
sion of the NetsqaeWeb browser and
other high-quality softare testify to the
viability of this colleborative goproadc to
software engneeing.

Together these deelopments sugest a
new approad to huilding components of
intelligent systems—the Open Mind Inkia
tive. This initiative relies on thee types of
paticipants:

e domain epeits who contibute libraries
of algorithms,

« tool developes who contibute and
refine the enkling software, and

« lay e-citizens vho contibute daa via
the Intenet.

Uses with an inteest and epettise in a
patticular domainsud as spedg vision,

Coming Next
Issue

Quantum Computing
and Al

MAY/JUNE 1999

19




E-citizens

Figure 1. In an Open Mind project on OCR: handwritten characters are presented to e-citizens whose judgements
(here, 4 vs. 9) are entered for instance by means of buttons. Such responses are returned to the Open Mind host and

used to train the classifier.

languae, or commonsenssere as e
viewers or modeators.

Consider the deelopment of an optical
characterrecaynition system ttaugh Open
Mind (see kgure 1).A host mabine pe-
sents pirl images of handritten charmc
ters, transbrmed ly distotions,warping,
line thickening and so érth, on biowses
of e-citizens,perhas in a @me interéce
E-citizens tassify these imges ly means
of a hutton lesponse; theesponses ar
aggregated, screened ér signifcant out
liers & the host matine and used asam-
ing daa to impove the tassifer.

To explore the noel infrastucture re-
quired by Open Mind Stanbrd gradude
student Chuc Lam and | hee developed a
Java- andWeb-based ersion ofAnimals
an elementarinteractive children’s pro-
gram for dassifying animalsgaing from
the lae 1970sThe dild (e-citizen) thinks
of an animal. Using thehdd’s responses tg
a seies of questions ¢fr example two-
legged or four-legged?),the pogram
tries to detamine this animas identity If
the pogram guesses wng, the dild must
enter a question thdistinguishes her ani
mal from the pogram’s guessAfter a
number of dildren hae played this guess
ing game Animalshas leaned a simple
tree-basedlassifer for animalsWhile not
a deg or paticulary useful coe program,
Animalsprovides an rcellent plaform for

solving impotant poblems in Open Mind

It provides an intedce and mtocol design
for

« efficiently extracting the maximam
information from e-citizns,

« detecting and elimiriang significant
errors and stastical “outliers;

» repelling hostile #ads, and

e automaically listing contibutors
accoding to the amount of isfmation
they contibuted

The Open Mind Initidive differs from
the Fee Softvare Founddions and the
Open Soure oganizdion in a mmber of
ways. FArst,while Open Souwe daws its
suppot almost entiely from a haker cut
ture (for examplg roughly 1 program:
mers have contibuted toLinux), Open
Mind relies hewily on an e-citien and
business cultw (13 nonpogrammes on
theWeb). While most of the wrk in Open
Souce is diectly on the inal released
souce codemost of the dbrt in Open
Mind focuses on the toolgfrastucture,
and d#a getheiing. An expett arbitrates
final decisions in Open Saze; in Open
Mind, much information is acceted or
rejected autontially by the infastucture
software. Table 1 summares some of
these diferences.

While domain gpetts and infastucture
developes ae likely to have the same mo
tivations as conibutors to Open Soug, the

Table 1. Comparisons between Open Source and Open Mind.

OPEN SOURCE

Open MiND

No e-citizens

Expert knowledge

Machine learning irrelevant

Web useful but optional

Most work is directly on the end-user
software

Hacker culture (<10°)

Separate functions contributed
(device drivers in Linux)

E-citizens crucial

Informal knowledge

Machine learning essential

Web essential

Most work is on infrastructure, not on the
end-user software

E-citizen/business culture (< 10°)

Single functional goal (for example, recognition
rate in OCR)

motivations of e-citizns desee special
consideation. E-citizzns seek berniefrom
the lesulting Open Mind softare, including
software tha would be ey difficult to de
velop in other ways, sud as commonsense
knowledge. E-citizens vould enjy game
interfaces and seek the pigtrecaynition of
their contibutions.There could beihancial
incentives suh as lotteies,discountspr
frequent-ier avards povided ty compora-
tions seeking ne customes.

Othes hare discussed components of
Open Mind and its use in &&rent con
texts—online inteactive dda acquisition
and \oting, collaboration, and mahbine-
leaming and ptiem-recaynition alg-
rithms—yet the intgration proposed in
Open Mind seems not tovebeen dis
cussedA number of &isting piojects
would fit under an Open Mind umélta and
would piofit from the initidive. One eam-
ple isNewhoo, where nonspecialist e-citi
zens popose kyword and indg informa
tion eboutWeb pages.Their contibutions
are reviewed by volunteer eferee and edi
tors (curently 10,000) and madevailable
to all. We can imgine Open Mind prjects
in numempus péem-recanition domains or
knowledge engneeiing to impiove naigat-
ing navs goups,Web sitespor FAQs. Laer,
these systems can be igitated, for in-
stanceto incoiporate ndural language or
commonsense conatnts in spedtrecay-
nition, OCR,or web seaching.

Physics has had itd@m smashe;
microbiology its Human Genome Bject,
and aeonautics and aginautics its space
missions. Nw is the time ér computer
science and @mitive science to ha
their big science—one thhawests inbr-
mal knavledge from a lage rumber of
e-citizens br huilding useful softare for
next-genertion systems. Gen the con
junction of seeral forces—the needf
naural human-malgine interbces and
improvedWeb seaching, the &istence of
good leaning algorithms andNeb infra-
structure, and the demonsitied success of
the Open Sowe methodolgy—the time
is right for the Open Mind Inititwve.
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