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Current open-sourcepeer-production tecmologies such as forums, wikis and blogs, have erabded an
unprececkried explosion of global knowledge sharing, but appear to be les succesful at enading
callaborative deliberaton (i.e. the systematc enumeration, amalysis, and selection of solution altermatives
araund the complex systemic challenges such as climate change, now facing humarkind. In this paper,
we preent a new kind of collaboration platform, based on the large-scale applicaion of argumertation
theay, aimed at addressing this weakness. We present its rationale and design, as well as preliminary
reaults obtainedfrom afield teg with a moderae-sized (220 member) user community.

The Challenge Towards|nternet-Enabled Collaborative Deliberation

Humarkind now finds itself faced with a range of what we can call systemic problems, i.e. vadly
complex challengeslike climate change that affect every one of us and are affected by every one of our
acions. Such problemscall for us to be alle to engage in effective deliberatons on a global scale. The
spectacuar emergence of the Internet hasernaled unprececkrted opportunitiesfor such interactons - via
such open-sourcepeerproduction (OSPP) tools as emal, instart mesagng, news groups, chat rooms,
blogs, wikis, podcads, video and picture sharing sites ard the like - on a scale that wasimpossible a few
short yearsago. To date, however, such large-scale interactons have beenincoherert and dispersed,
contributions vary widely in quality, and there has beenno clea way to converge on well-supported
decisions concerring what actons humarity should take to solve their most pressing problems Canwe
do a better job of harressing the vag cdlectve intelligence now potertially availabe to us? This paper
explores this quedion, reviewing the limitations of currernt technologies and preserting a large-scale
argumertation systemaimedat addressing these challenges

Limitations of Current Technologes

Let us define Octlaborative deliberaionOfor this context, asthe synergstic chameling of the efforts of
mary minds towards enumerating, evaluating, and coming to consensus over regponsesto some complex
challenge (Walton and Krakbe 1995). How well doescurrent OSPPtecmology achieve this goal? While
such tools have beenremakably succesful atenalding a global explosion of ideaand knowledge sharing,
they face serious shortcomings with regpect to supporting collaborative deliberaion (Sunstein 2006). The
contert capured by such tools is notorious for having a poor signal-to-noise ratio, with mary repetitive
ard low-quality posts, epecially when addressing controverdal issues Coverage of atopic is gererally
unsystematc, sinceit is created bottom-up. Group interacions areall too easly hijacked by a narrow set
of OltOissuesor loud voices leadng to such pheromera asforum Glame warand wiki Oeit warQ
OSPP systemsdo not inhererly encourage or erforce ary standards concerning what constitutes valid
argumertation, so postings are often bias rather than evidence- or logic-based Users of such systems



also terd to self-assemide into groups that share the sameopinions (OlalkanizaionO),so they seeonly a
subset of the issues ideas and arguments potertially relevart to a problem.

Argumertation tools (Kirschner, Shum et al. 2005) can, we believe, help address these weaknessesin
OSPP systems They work by helping groups define networks of issues (quegions to be arswered, ideas
(alternative answers for a quegion), and argumerts (statemeris that support or detract an ideaor other
argumert) where every distinct issue, idea, or argument appeas just once (seeFigure 1 below).
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Figure 1. An example of anargumert map
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Sueh tools help make deliberaions, even complex ones more systematc ard complete. [tOsay to see
what has been covered to date, and what has not. All pergecives on an issue, regardess of the
community the author comesfrom, are co-located in the argument map working against any tendercy to
balkarizaion. Since a point can appea just once, users are not alle to sidetrack the proces by sheer
repetition. The certral role of argument ertities finally, encourages usersto express the evidence ard
logic in favor of the ideasthey favor.

Argumertation systemsrequire, however, more skill and careto use than OSPP systems and have asa
reault been used almost exclusively for small-scale physicaly co-locaed team meeings, where the
participants engage in a free-form discussion while a single facilitator capguresthese deliberaions in the
form of a commonly-viewabe argument map (Shum, Selin et al. 2006). They have also beenused, to a
much lesser extert, to enable non-faciitated deliberaions, over the Interret, with physically distributed
participarts (Jonassen ard Jr 2005) (Chklovski, Ratakar et al. 2005) (Lowrance, Harison et al. 2001)
(Karacaglidis, Loukis et al. 2004) (Heng and de Moor 2003). The scale of use in these cass has also
beensmall, however, with on the order of 10 participarts or so working together on ary given tax, far
lessthanwhatis neededto address complex problemslike climate charge.

TowardsLarge-Scale Argumentation

In this paper, we sugged that we cantranscend the currert limitations of deliberaion support techologies
by creatng large-scale argumertation sysens, i.e. systemsthat combine the gereraive power of OSPP
systemswith the compact and systematc knowledge organizaton erabled by argumertation systems Our
hypotheds is that this approach by providing a logic- rather than a time-based representation for
capuring user contributions, and by encouragng evidence-based rea®ning and critical thinking, will
presrve the large-scale participation that charecterizes OSPP systems, while qualitatively reducing the
prevalerce of the dysfunctions (such aslow signal to noise ratios, poor argumentation, and balkarization)
they currently face, thereby enalling highly effective large-scale deliberaions.
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Figure 2. The main Callaboratorium display.

We have implemerted a prototype web-based system, called the Cadllaboratorium, in order to ted this
hypotheds. The badsc dedsgn of the system is simple. Users are aked to creake a network of posts
organizedasanargumert map(figure 2, above).

Users are expected to follow a set of simple guidelinesto ersure the map is well-structured Each post
should represent a single issue, idea, or argumert, and should not regicat a point that hasalready been
mack elsewhere in the argumert map It should be atactedto the appropriate part of the argumert map
Charging a post in order to undermine someae elseOpoint of viewis forbidden if one disagreeswith an
ideaor argumert, the user can capture this by creatng new posts that presen their alterrative ideasor
counter-argumerts. Becawse good argumert-magping skills are not universal, a class of usersknown as
OmaderatorsOis charged with ensuring that new posts are correcty structured Posts areinitially given a
status of OrdingO,and canonly be certified by moderators. Until apost is cerified, it appeasin a small
font, cannot be rated, nor canary posts be addedto it. Moderabrs are expected to leave commerts with
the posts explaining what needs to be done in order for themto be eligible for certficaion. They are also
expeckedto re-orgarnize the mapasneeckdto cluster related topicsto ersure a moderate branching factor
and thus make it easer to find content on a given subject The Coallaboratorium supports widely-used
OSPP functions such asrating (so the community canidertify the most importart issues promising ideas
ard compelling argumerts), vergon histories(so userscansee the history of a post aswell asroll it back
to a previous verson) and watchlists (where users are auomaitcaly notified by emal, when changes
have beenmack to posts they are interegedin).



Creating anargumert map lays out the spaceof possible solutionsto a givenproblem.In orderto cometo
conclusions concerring what actions they will take with regectto that problem, community membersare
expecied to creae a distinct branch in the argument mapin which the ideaseachrepresent proposals -
mack up of combinations of possible solutions - that canthen be rated by the community. The highes-
rated proposal represerts the community decision.

The key uncertainty with our approach concerrs whether argument magping will work with large scale
communities Previous argumertation systemshave, aswe have noted, off-loaded argumert mapping to a
single dedcatd facilitator. But this approach clealy does not scale to thousands of users we needto
distribute the magping acivity acrass the user population itself. Will userstake on this tak? There are
good rea®ns to believe that they will. One rean concerrs communicaton styles In smal groups,
relationship maragemert is usually primary, so participants often prefer to communicate implicitly and
indirecty, egpecially at first, in order to avoid unnecessary conflicts. In this context, a tecinology like
argumert mapping that forces peagple to make their argumerts explicit canactally be a liahlity, rather
than an asset But this effect flips on its head at large scales Implicit communicaion becomes
unnecesary (and often confusing) when most pegple do not know each other personally, or can float
potertially contertious proposals under aliaes So we can expect that resstance to argumert magping
will deaea® asthe user community growsin size.

Other rea®ns concern the nature of incertivesin OSFP systems It hasbeenfound (Harsand Ou 2002)
(Lakhan and Wolf 2005) (Roberts, Ham et al. 2006) (Bonaccorsi and Rossi 2004) that users contribute
to such systemspredominartly for two rea®ns: (1) to find their tribe (i.e. get connected with peagple who
sharetheir interess) ard (2) to becane a hero (have a substartive positive impact on the community they
idertify with). There is widegpreaddisaffecion with the low signal-to-noise ratio of current OSFP tools.
It seemsclearthat the number of distinct issues ideas and argumerts in a discussion will grow, after a
certain point, much more slowly than the number of participarts. The larger the user community,
therefae, the more potertial redundarncy there will be, and thus the more value argumert mapping offers
in termsof improving the signal to noise ratio. We canthus expect that, asthe system grows, userswill
increasngly recagnize and regpond to the opportunity to Olecane a heraOby contributing someting (i.e.
creatng a value-rich argumert map) that is highly valued by the community. Argumert magping also
increags userOshancesof Ofnding their tribeO While contributing to unstructured discussions is easer,
the high volume and redundarcy of such discussions mears that most posts will probaby be overlooked
by most readers In an argumert map by contrag, if you have a unique point to make, it hasa much
greaer chance of being read

Another quedion concerrs whether the user community will be abe to provide suffi cient numbers of
userswith good argumert mapping skills. Thereare severalreasons to believe this will be possible. There
is already a substartial world-wide community of pegple with argumert magping skills. One organization
alone (cognexus.org) has already trained and certified hundreds of peagple in the IBIS methodology that
underlies the Cdlaboratorium. Other similar argumert magping tools, such as debatemaygper.com, have
their own user communitiesthat could also contribute. Argumert maging is, in addition, a natural skill
for lawyers philosophers mathemaiciars, library scientists, and otherswho create proofs or ontologies
for a living. Such individuals can probably learn an IBIS-like formalism very quickly, and may be
inspired by the opportunity to contribute their critical thinking skills to debatesaround critical challenges
like climate change, evenif they do not have contert expertise in that area.Another point is that, asthe
system scales we can assume that the argumert-mapping burden per user will decrea®. This is becase
the number of mapping-sawy usersshould scale lineatty with the overal user population, but the number
of novel ideasthat need to be mapped should scale (as we mertioned above) less than linealy. If the



Callaboratorium works like most OSPP systems, user contributions will follow a power law, so we can
expectthat a relatively small corps of Opwer usersOwill take on the bulk of the argumert magping tasks.
Most people will just have to read or comment on, asopposedto create, argumert mays.

See(Klein 2007) for further details on the dedgn of the Collaboratorium.
Evaluation

An evaluation of the Cadllaboratorium was performedin December of 2007 at the Univerdty of Napes
with a community of 220 graduate studerts, which was asked to use the Collaboratorium to deliberag,
over a period of threeweels, on the topic “the future of biofuelsin Italy". The studernts were all given, at
the start, a lecture introduction on how to use the Collaboratorium. While data amalysis is still ongoing,
we are able to report some preliminary reaults.

We observed a very high level of user participation. Remakally, the Cadllaboratorium wasactve almost
continuously, excep for adaily hiatus betweenroughly 3 and 6 am:
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Figure 3. Growth in number of posts overtime.

About 180 out of 220 users contributed at leas a few posts, and the most acive contributed 40 or more
posts each In two weeks the studerts posted nearly 3000 issuesideasand argumerts (of which roughly
1900 wereevertually certified) in addition to over 2000 commerts (tade 1):

Type of Post Number of Posts Number of Certi fied Posts % (certified)
Issue 242 89 5%

Idea 962 452 24%

Pro 1488 1045 55%

Con 402 325 17%
Commert 2009 n/a n/a

Grard total 5003 1911 100%

There were, howewer, relatively few ratings: eachpost receved an average of only 2.2 ratings, often
including one from the post author.



The intensity of participation varied widely among users (Figure 4), roughly following the power law
distribution that hasbeenfound to be typical of most on-line communities
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Figure 4. Distribution of number of posts per user

The breadh and depth of coverage was in our judgmert, quite good: this non-expert community of
studerts wasable to creat a remarkablly comprehersive mapof the current debate on biofuels, complete
with mary referencesto statistics and publicaions, exploring everything from techology and policy
issuesto ervironmertal, ecanomic and socio-political impact. Moreover, the proportion of out-of-topic
posts wasnedigible Babout 0.1%.

Though studentsOparticipation may have beeninfluerced by their percegion that the experimert was a
course tak for which they could be evaluated by their professor, their informal face-to-face and on-line
commerts, posted on the Collaboratorium aswell ason athreaced discussion forum run independertly by
a studerts association web site, showed that they found the experiment interesing and appreciated the
innovative characeristics of the Collaboratorium. However, to assess user satisfaction more cardully, we
have desgnedasurvey, whichis currertly in progress.

As expeckd at the begnning of the experimert marny users did not fully gragp the argumertation
formalism. Many usersadopted, rather, a kind of forum frame in which they terded to publish news-like
posts (eg. GFrarce createsincertivesfor biofuelsQ) rather than distinct issues ideasor argumerts. Other
common mistakesincluded not distinguishing between ideasand argumerts, putting multiple argumerts
into asingle argumert post, linking argumerts to alogically irrelevart locaion in the argumert map ard
proliferaing quedions and ideaswithout any associated pro/con argumerts. After a while we observed an
improvemert in the use of the platform, as users developed confiderce, profited from moderator
feedback, and learnedto use the tool.

The degree of debate wassignificart. 70% of all argumerts were attacted to posts authored by someme

else. The greatmajority of all argumerts (again, 70%) were pros rather than cons, however, and the depth
of the argumernt treeswasrelatively small:
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Depth of argument tree % of all arguments

1 85%
2 12%
3 2%
4 1%

Table 2. Depth of argumert treesin Napesevaluation.

This relative dearh of extended argumert chains may have beenan outcome of the studentsOreluctarce to
criticize the contributions of their peers and thus may be an artifact of the co-located nature of the user
population. Other possible explarations include: i) inertia deriving from the predominant use of forums
and wikis, ii) lack of adequate incertivesfor debate, which inducedusersto overemghasze authorship of
novel ideas iii) the short time window comparedto the learring curve of userswith the new toals, iv) the
lack of specific expertise and motivation of the studerts on the topic at hand, leadng to fast contert
saturation and inakility to explore specific subtopicsin full degth.

Importart lessons were learred concerning community governance. Moderabrs played a crucial role.
They supported users with commerts and suggegions ard, by ersuring a logically-organized argumert
map helped usersrapidly locak the contexts where their piece of knowledge can bed be placed For
these rea®ns it is crucial to have enough moderabrs working to ensure fagt certficaion and timely
rearganizaton of the argument map With the existing data we canroughly egimate the requisite number
of moderators per users. A cade of from 2 to 5 moderaors (the number varied from day to day according
to their other commitmerts) wasale to more or less keepup with 180 active auhors, but only by dint of
an unsustainadly heaw invegmert of their time. We egdimate that a more realistic time commitmert
would require that roughly 5% of the active usersalso act asmoderators.

Many more lessons almost ceriainly remain to be gleared from the teg dataset The Cadllaboratorium
software recaded essertially every user interacton with the knowledge base, including every view or
modificaion or rating of any post, so we have a complete time-stamped record of the evolution of the
argumert map and what the usersdid while creaing it, a database of over 110,000 distinct evernts. We
also conducted pre- and post-evaluation tegs of the bio-fuels contert expertise and critical reasning
skills of all the participarts. A thorough aralysis of this datawill be presentedin future publicatons.

Conclusions and Next Steps

In this paper we have preserted a new collaborative deliberaion platform called the Collaboratorium. The
key contribution of the Collaboratorium is that it combinesthe logic-, rather than time-based knowledge
organizaton structure of argumertation systemswith the immerse generative power of large-scale, open
sourcefpeer production systems This combination, we have argued, offers the promise of enaling
qualitatively more productive large-scale collaborative deliberaions. Our initial results appearto support
this. The Napes evaluation reailted in the creaion of what is to our knowledge one of the larged
argumert maygs ever built, on a complex topic, over the course of two weelks, working with over 200
noviceusers

Our next steps will include a side-by-side comparison between the Collaboratorium and other OSPP
(wiki, forum) technologies in order to asess their relatve strengths and weakneses The Napes
evaluation involved arelatively small number of users by Interret standards, and the incertivesstructure
wasdistorted, in all likelihood, by the fact that they were studerts in a clas aswell asco-located pees.
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The experimert also ran, perforce, over a limited time window. Further evaluations will aim to remove
the<e artificial constraints by assessing the platform with much larger, ard truly open, user communities
Increa®d scale will probally require changesin desgn choicesand user incertives Among the most
critical improvements we underline: dedgning mechanisms and rules alle to gererae a self-organized
hierarcly of user roles (auhors, and moderabrs), improving the informaion visualizaion & retrieval
elemerts of the platform, providing on-line support to users(such ason line help and training tools), ard
building toodls to increag moderator productivity. We are currertly idertifying other possible contexts for
asessing and applying the Collaboratorium, ranging from problem solving within organizatons to
pedagogy with studert populations.
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