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to Large-Scale Deliberation

Sanja Tanasijevic, Klemens Bohm
KIT, Karlsruhe, Germany
sannya.tanasijevic@kit.edu, klemens.boehm@kit.edu

Abstract. In this article, we propose a novel approach for identifying and evaluation of
different solutions to discussed issues in online settings, based on the structure of a
discussion of the topic in question. Our approach consists of three steps: (1) assigning
weights to participants based on formal criteria such as degree of engagement in the
discussion; (2) assigning scores to comments, taking the weights of authors and raters
into account; (3) assigning scores to proposals, based on the scores of the pro and contra
arguments. So an important idea is that individuals whose behavior is in line with our
formal criteria have a higher influence on the decisions. Having built a respective online
platform, we have evaluated the proposed model by means of an experiment with more
than 100 participants who have discussed several topics relevant to them and a
subsequent survey. In the survey, the majority of participants has expressed satisfaction
with our forum model, including our weighting scheme. In particular, they have been fond
of it regarding respect of the opinions of others.

Introduction

The question how communities can come to decisam$ solutions that are
satisfying for most of their members continues & fbndamentally important.
There currently are various experiments and onpngects trying to foster
deliberation i.e., the thoughtful consideration of all sidek am issue. This
includes discussions and voting on budget planfanthe German cities of Essen
or Stuttgart (essen-kriegt-die-kurve.de, buergeshalt-stuttgart.de), to give some
examples. The limitations of these two projectsydner, are exemplary of the



ones of many other Iinitiatives. For instance, ess@muyt-die-kurve lets
individuals propose concrete budget cuts and dssthesse proposals. This project
also tries to come to some conclusions from theudision, by using rather simple
quantitative measures such as the number of provagts regarding a proposal.
However, this does not say much about the impoeteanad relevance of the
various arguments. In particular, people have edadiscussing issues not related
to the proposal and have repeated arguments; #ssafiected those measures
nevertheless. With Burgerhaushalt Stuttgart in,tindividuals can come up with
proposals others can then vote on. Our perspestitveat, in such contexts, vested
interests and priorities of individuals affect tloeitcome much more than
argument quality. Our starting point is the hypstheéhat making the community
deliberate on the issues in question should inereiés satisfaction with
subsequent decisions — if the scheme that idestéied selects solutions to the
issues discussed takes this deliberation into adcda a nutshell, the question
investigated here is how online deliberation canolganized so that satisfying
decisions can be derived from it.

Challenges

Our objective is the design of a platform thatwHlaoderiving satisfying decisions
from the discussion; this is not obvious. In ra@ bBnd in other studies, e.g.,
Considerlt (Kriplean et al., 2012), one usuallyeslro and contra arguments into
account when making a decision. We do the samegdoh proposal: Proposals
are discussed in different threads where peoplepoavide pro and contra argu-
ments for each one, and an automated scheme salegtsner proposal in the
end. In other words, decision-making is mainly blas& the structure of the
arguments, as opposed to voting. Thus, a firstlemgé is to decide which
information to collect from individuals. At firstight, information that is useful
includes whether an individual agrees or disagveds a comment, or feedback
on which comments he deems off-topic, repetitiotts Elowever, we need to
flesh out which information is indeed collected.sAbsequent challenge then is
how we use this information to come to a decisidme decision-making scheme
must be understandable and non-ambiguous, to emabteipants to provide
reliable meta-information and feedback. Finallyaleating any approach that
claims to foster deliberation is challenging aslwel

Design decisions

To shed more light on our approach, we now listaartmain design decisions, at
different levels of abstraction.

The look-and-feel of our deliberation forum is the one of a
conventional forum wherever possibleDesign and interaction features of our
forum mainly are the ones of a classical forum.aiternative would have been an



entirely new design. However, user acceptanceusiarin our context, and our
choice is likely to be better in this respect. Rarf we can leverage existing
technology and, hence, the host of comfort featyvesvided by current

implementations.

Comments are typed, and the typing mimics common gumentation
structures. We have introduced comment types such as pro amdrac
arguments. In our forum, each proposal correspoiodsa separate thread
containing the respective arguments, so that tfisoussions are separated from
each other.

The forum model should be simple and intuitive We value simplicity
of the model more than exactness and comprehemsserLiterature has
proposed various argumentation schemes with a tégree of sophistication,
e.g., (Walton, Reed 2002; Parelman, Tyteca 1968jnio 1958; Verheij 2006;
Walton, Godden 2005; Restall et al. 2005). Howewetead of having a model
that is comprehensive but overly complicated fan-e&perts, and familiarization
with it requires a lot of effort, we have limitedromodel to elementary comment
and rating types.

Community members have different weights, accordingo formal cri-
teria. In order to incentivize community members to followr guidelines when
deliberating, we have decided to assign them wejgirid a higher weight gives
an individual more influence on the decisions whigh be taken. Next, a weight
solely depends on formal criteria such as numbeargdiments provided, or share
of arguments not flagged as repetitions by the canity, subsequently referred
to indicators Note that individuals with low weights can stifluence the out-
come by coming up with proposals or arguments ahaeight-based majority is
in favor of. While each argument meets a certagreke of agreement in the com-
munity, the weight of an individual does not depemdthis degree of agreement
of his arguments. The rationale is to not discretenagainst minority opinions.

The weight of a participant is the minimum of all Hs indicator values.
An indicator value reveals the extent of a parfaipobeying the respective
formal criterion. We deem it important that pagents observe all of our criteria,
and we want to incentivize such behavior. To iliatg, we do not want to give a
high weight to someone who has issued many argwnifetite community labels
many of them as off-topic. Hence, the weight is th@imum of all indicator
values.

Individuals can give feedback on contributions by thers, feedback is
typed, and it is used according to its typeParticipants may issue feedback on
contributions by others, which is then used inedight ways. For instance, partici-
pants can state that they agree or disagree witlirgument issued by someone
else or can mark it as off-topic or as a repetittdra previous argument. Given
this feedback, an idea might be to combine theouarfeedback items of different
type into one argument score. However, we haveddhis too undifferentiated.



For instance, agreement/disagreement ratings &k tosquantify the acceptance
by the community, while off-topic/repetition feedibas used to reject comments.
Weights of individuals are published in the commurty. The alternative

would be to not show this information so that maptnts are not influenced by it.
Our decision has been to display current indicatdues to give the participants
an idea how their behavior so far has affectedr tiweights. The rationale has
been that this might stimulate the behavior desired

We evaluate our approach experimentallyAn alternative to experiments
would have been a formal analysis or simulationslificulty with these alleged
alternatives — at this stage of the project —as they require various assumptions,
e.g., how the number of arguments generated byerdiit individuals is
distributed, what is the ratio of off-topic argunteetc.

Contributions

Our contributions are as follows: First, we motevaind propose various criteria
that constitute desirable behavior of community roers, e.g., originality of
arguments, focus on the topic in question etc.,@ogose formalizations of each
of them. To stimulate desirable behavior, each canity member has a weight
that depends on the degree of adherence to oariariThe weight determines his
influence on the decision to be taken. Next, weppse a decision-making
scheme that is argument-based. With our schemé, @@timent is assigned a
score that depends on the degree of agreementsitobgained from the
community and on the weights of the respectivevindials. We also formalize
when an argument is rejected, i.e., ignored bydéhasion-making scheme. Our
scheme assigns each proposal a score that depenke share of pro and contra
arguments and their scores. In our setup, propasalsalternatives to each other,
and the proposal with the highest score will bewlm@ner proposal. Finally, we
evaluate our approach in a setting that is vergecko a real one, with more than
100 participants. Students of the database coutseoua university have
deliberated on various topics relevant to them. idwportant result is that the
majority has expressed satisfaction with the wenghtcriteria and decision-
making scheme, and they have given preference tdooum model over plain
voting in terms of quality of decisions taken, malttespect of opinion etc.

Related Work

Deliberation is a form of discussion where partcifs share their considerations
in order to make decisions of higher quality angditimacy (Chambers, 1996;
Cohen, 1989; Carpini, Cook, Jacobs, 2004; Fearke®3; Fishkin, 1991, 1995;
Gastil, 2000; Gutmann, Thompson, 1996). There a@eeral problems with
deliberation such as the diversity of the viewspafticipants (Mutz, Marting,



2001), their lack of willingness of respecting tdeliative rules (Conover, Searing,
and Crewe 2002) or the nature of content allowedkiiberation. Various projects
have studied how to nudge discussants towards Imaleeced considerations.
This includes reflexive examination of own reasgnias well as of others.
Effective moderation is considered crucial (Edwar@608). Otherwise, the
perceived anonymity in forums can lead to ‘flamersiapolarized debates and
dominant minorities. With our approach, the workihgpothesis is that our
formal criteria are effective in keeping such babaoff.

Related work has identified patterns in delibegtigiscussions and
motives for participation, one of which is true d@rgst in the issues to be
deliberated (Habermas; Carpini et al., 2004; Free2©10). In the experiment in
(lyengar, Luskin, 2004), deliberation has yieldedignificant increase in the
informedness and engagement of participants. TheraAgroject (Muhlberger,
2004) has addressed the conflict between intedsifggouping, opinion
polarization, and normative conformity of the grdfeesler et al., 1984, Kiesler,
Sproull, 1992). The E-Deliberate project has tteimpose a certain structure on
the decision-making process, but this has been tmmbtain online (Schuler
2009). Thus, the types of the postings we will jtevallows to mimic the nature
of the deliberative discussion, as described iselarticles.

Another group of projects has explored the poténfiaeliberation using
argumentation schemes, e.g., Issue-Based Inform&ystems (IBIS) (Isenmann
et al., 1997). The tool resulting from the Coher@egxt tries to establish a system
of social networking and reputation in the commyrtitrough idea linking
(Shum, 2008). Bart Verheij has proposed variousiragnt-assistance systems
such as 'ArguMed’, 'Argue!’ etc. Still users expance difficulties when
formalization is required. In our approach, we htargeted at an argumentation
model that is intuitive, rather than exhaustive.

Some recent projects have focused on expandinggeiges on the
issues in question. The NewsCube project has toidtoaden views on news by
giving several viewpoints (Park et al., 2009). Refflis a system that engages and
motivates discussants to restate, identify andeshammon grounds (Kriplean,
Morgan, 2011). Opinion Space is an online interfaseorporating ideas of
deliberative polling, collaborative filtering foriswalization and navigation
through diverse comments (Faribani, Bitton et2010). In our forum model we
have tried to mitigate forming groups by enforciagonymity, and by not
explicitly displaying the types of the postings.

Deliberation forum model

We now describe our forum model in detail. We withborate on the interface,
the discussion structure, the argumentation maael the implementation.



Discussion structure and comments types

The following is a comprehensive description of thgcussion structure and its

representation in our model. The discussion stradtas the following elements:

Forum (issue) A forum corresponds to the subject of discussig,, 'How

should EUR 500 be spent?’.

Thread. Each thread within its forum discusses one spesifggestion on how

the issue in question could be solved.

Comments Comments are the constituents of a thread,a.eomment is always

part of a specific thread. Comments are typed, @ argument or contra

argument. A comment can refer to another comment.

Ratings. A rating expresses the perspective of an indididnea comment posted

by someone else. In our context, a rating is a ¢exnptructure consisting of

various attributes, e.g., whether the individuateag or disagrees with the

comment, how he evaluates the writing style ortdéime of the comment etc.
There are different comment types:

A proposalis a suggestion how to solve a forum issue. Tstithte, one issue in

our study has been which criterion should be usedite away an iPad. One

proposal has been to give it to the student wighhiighest number of points in the

exercise in the current semester.

Extension of a proposal Individuals can extend a proposal by means of a

comment (in contrast to issuing a new proposal)illlistrate, an extension of the

proposal just mentioned has been to use the nuofh®oints in the exercise to

assign a certain number of lots to individuals, andre points increase the

number of lots and the probability of winning tiRad.

A pro argument is a comment in favor of a proposal.

A contra argumentis a comment against a proposal.

Other is a comment which the author does not want tesdiaas one of the types

just mentioned.

Rating model

Participants can express their opinion on commeégt®thers by means of a
rating. In our context, a rating consists of thiéofeing attributes:

Content. Individuals can assess a comment by content wsiegf the following
options: agreement, disagreement, repetition, &rtbpic.

Writing style . Writing style can be evaluated using the gradicgle from 1 to 5.
Rate (5) represents clear, concise, argumentativingv style as opposed to
unclear, confusing, incomplete text (1).

Tone. Analogously, tone can be (5) balanced and poldae, opposed to
provocative and offensive (1).



Comment type To ensure that comment types as specified byathikors are
correct other users can state the type of a comasepart of a rating as well. The
possible values are proposal extension, pro argyjroentra argument, and other.

Weighting scheme

Participants have a weight that is based on thadbcriteria which describe the
desired behavior of individuals. As mentioned, weaght of participants depends
on indicators being quantifications of these cidtend determines their influence
on the decisions taken eventually. We provide agrogw of the criteria before
giving the respective formal definitions:

Originality . This indicator has a high value if few commergsued by the
participant in question are rated as repetitionsapy others.

Focus The fewer comments by the participant are ragdf&topic, the higher
will be the value of the indicator.

Style. The value of this indicator directly depends ba writing-style ratings of
her/his comments.

Tone. The value of the tone indicator directly dependshe tone ratings of the
comments by the participants.

Engagement This indicator comprises the number of commemtd eatings
issued by the participant.

Individuality . The rationale behind this criterion is to mak#usson attacks and
team-ups of individuals more difficult and to cutlee influence of herding
behavior. Individuality is the share of participgnivhom the participant in
guestion agrees with in some context and disagvébsn some other context. To
illustrate, a participant being a perfect matchhwihany other participants
regarding comments and ratings has a low valuedagathis criterion.

Breadth. We postulate that participants engaged in manyudson threads
should be rewarded. The rationale is to curb tlieience of participants with
vested interests who only put attention to the@cdpr issue.

Honesty. The rationale here is to ensure honest behavipamicipants. In recent
years, economic literature has proposed a numbenedhods to maximize the
reward for individuals answering questions trutlyfueven in the absence of an
objective truth criterion, so-calletionest feedback mechanisms (HFNfpr
instance, the so-callegeer-prediction methodapplies scoring rules to the
posterior belief on ratings by others, and honepgorting turns out to be a Nash
Equilibrium (Miller et al., 2005). Théayesian truth serunn turn does not
assume a probabilistic relationship between differeesponses. It uses ‘the
surprisingly common’ criterion as truth criteriosccording to Prelec (2004) the
premise behind this is as follows: If people havee#ain belief they tend to
believe that this belief is more common than iualy is. We for our part use the



peer-prediction method; it assigns scores for eéatthg based on its probability
compared to the reference rating (Jurca et al.6R00

While this is the list of criteria we have come wjith after lengthy
considerations, we do not claim at this point teehendeed covered all aspects of
desirable behavior. However, we are confident adate major difficulties when
coming up with further criteria, redefining oursesen omitting some.

Formulae and notation

P is the set of all participant “**(j) is the set of all comments Participant
has postedK is the set of all comments posted in all forumss the set of all
threads, an(t) is the set of comments in ThreadK “*(j,t) contains the
comments posted by Participdrin t. F /7T represents a forumK (F) = UK(t)

is the set of all comments in Forum R“®**(j)is the set of ratinds which
Participantj has posted. A rating consists of the followingomfation: content
rating, writing style and tone rating, type of t@mment and the rater. The type
of ‘content’ is the enumeration that takes valuesnf{agree, disagree, off-topic,
repetition}. Writing style and writing tone can takalues from 1 to 5. The type
of ‘comment type’ is the enumeration with the feliag values: extension of a
proposal, pro argumentation, contra argumentatiwh @her. In our system, a
rating does not have to be complete, i.e., padmp can leave open individual
values. Each rater can submit only one rating @bmment.R is a set of all
ratings, irrespective of who has issued theR(k)is the set of ratings on
Comment k,R%"?*%{() is the set of ratings on comments issued by Raatit],

while R&e (j)is the set of "off-topic’ ratings of comments ofrBepant;.

Definition. T*=*(j) is the set of all threads Participant j has activel
participated in by posting a relatively high numloércomments

Tcreate(j ) = {t OT ”Kcreate(j ’tx > aviKCreate(i ’t)‘)/z}
ioP

Here, we only count threads where the participast &t least posted half
of the average number of comments. The rationaebbkan to have a certain level
of engagement as a prerequisite for active padimp. The threshold value itself
is ad-hoc.

Definition: Breadth of Participant j.

Tcreate(j )‘
breadtt{j):='———
U

Definition: Focus of Participant.]
subject ()‘
ff —topic J

Rsubject( ] )‘

focudj):=1-




Definition: Originality of Participant j.

subject ( : )‘

Rsubject(j )‘

orig(j):=1-

Definition: A comment is useful when less than 50% of its gatare ‘off-topic’
and ‘repetition’. The set of useful comments posted by ParticipaK &2t(j),
while the set of all these comments unrelateddpegific author iK

useful*

Definition: Engagement of Participant j.

g ST )
" avgiE)) T avdRee()
iaP iaP
The weight a is used to give different weights to comments and

engage
ratings. Since writing a comment requires more tand effort than submitting a
rating, we have set ponder to 0.25 haphazardlyalkged alternative has been to

K

useful

R

Definition: A tone rating is bad when a tone attribute has &u&af 1 or 2
create,

reae(j) is the set of bad tone ratings of the comments Rhaticipantj has
posted.

US€ Oengage™ . However, this value is not knovenpriori.

Definition: Tone of Participanj.

subject(J )‘
L one-
tong{j) =1 RsubJeCt( J )‘

Definition: A writing style rating is bad if it has a value bfor 2 RSsa®(j) is
the set of bad style ratings of the comments Rpatitj has posted.

Definition: Writing style of Participant

ubject( )‘
S\ tyle— J
styldj):=1- —~s )‘

Definition: HFM score of Participant.jFor each rating Participaphas posted,

he receives a score based on the probability bligtan of the given rating and the
scoring function used by the peer prediction meithidler, Resnick, Zeckhauser,
2005). In our implementation, the scoring functisnthe linear programming
function proposed by Jurca (2006). It maximizesghgoff when a participant is
honest. The indicator valugm(j) is the average of all HFM scores Participant
has received for his ratings according to the nektho
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Definition: Similar ratings Two ratings are similar when they refer to thenea
comment, and both either have value 'agreemeritisagreement’.

Definition: Set of pairs of similar ratings posted by Partiaipgi and j Rsimi(i, J)
is the maximal set of tuples of similar ratinfgs, r,) where Participant has
postedr; and Participanthas posted,.

Definition: Similar commentsTwo comments are similar when they are in the
same proposal thread, and both either are of tppe argument’ or ’contra
argument’.

Definition: Set of similar pro comments for participants i gl the thread t
K (i, j, t) == max(number of pro-argument comments posteddstidipanti

simil
in Threadt, number of pro-argument comments posted by Ppaiitj in a thread

t).

We define the number of pairs of contra argumentFfarticipanti and
Participanf in Thread t analogously. The number of pairs afilsir comments
for Participants andj is the sum ofk ° (i, j, t) and K2, j, 1). K., ])

simil simil

is the sum ofK_,,(i,j) over all threads. We define the number of tuples o
different ratings and commen®Ry(ssimi» Kdisimit) @analogously.
Definition: Consensus of participants i and |
Conil ) Rsimil(. ) simil(. J)
RSImI|( ) RdlSSlmll( )+K5|m|l( J)+Kdissimi|(|’J)
Definition: Non-consensus of Participants i and |

noncon§, j):= Russimil 1)+ Keassimill, 1)
Raimit {1+ 1)+ Resssimills 1)+ Kot (4 1)+ K gssiomt 1 1)

Definition: Participants partly different from Participant |
pratyDit iy -={iP|cond, j)> 030nonconk, j)> 0.3}

A participant has a high individuality if there ameany participants he has
consensus and non-consensus with at the same Aigan, we have set the
threshold value to 30% somewhat haphazardly.

Definition: Individuality of Participant
‘P partlyDiff (J)‘

indiv(j): B
All indicator values are in the range [0, 1]. Wevd&een two alternatives
to normalize these values. Here, normalization duesonly take the values, but
also their distribution in the community into acobuThe normalized value of an
indicator is the share of participants who havenalicator value lower than the
one of the current participant. To illustrate, iflyp 20% of the community have
performed better than Participantregarding criterion breadth’s normalized
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value of indicator breadth is 0.8. The advantagéhsf kind of normalization is
that it distributes the participants over the enfl, 1] range and makes criteria
comparable. The disadvantage is when the majoetyjopms similarly. Then
slight deviations can have a significant effectisTisa why we have not normalized
indicators focus, originality, and style in this yw&Ve have assumed that only a
few participants would post off-topic or repetitioomments, and if someone has
a value slightly worse than average, this kind @fnmalization would have really
set him back. The remaining indicators howevemarenalized in this way.

Definition: Normalization of an indicator by frequency distrilm. The
normalized value of an indicator of Participamng the share of participants whose
indicator value is less than or equal to the valfe . We use the
notationindicator™™, e.g.,indiv™™(j), for normalized indicator values.

Definition: Weight of a participant

focuqj),orig(j), style(j ). tong( j ), breadth™ ™ | )J

WEIGHT(j ):= min
() {engagé'orm(j ),indiv™™(j), hfmscoré®™(j)

A participant must perform well regarding all crigein order to have a
high weight. One reason why we use the minimum tfanchere is that this
becomes clear to the user as well. It should nowls#ous to him which aspects
of his behavior he needs to devote more attentian brder to receive a higher
weight.

Decision-making scheme

Our decision-making scheme is argument-based. Bagiment receives a score
dependent on the degree of agreement it has obtithimra the community and the
weights of the respective individuals. Next, ouneste assigns each proposal a
score that depends on the pro and contra arguraedttheir scores. In our setup,
proposals are alternatives to each other, andrteewith the highest score will be
the winner proposal.

Formulae and notation

K. (p) is the set of comments in the thread belongingraposap. K (p) is
the set of pro arguments relatedpoK . (p) the set of contra arguments. The
author of Commenk is denoted byuthor(k) R (k) is the set of all ratings of
Commentk. R}, (k)is the set of ratings of type "agreement’ wilg (k) is the
set of 'disagreement’ ratings for Commént

Definition; Comment score.
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weigh{authok))+ >  weigh{issuefr))

R*

K):= et (k) - 05 | (k
scorek) weigh{author(k)) + 5 weighfissuefr)) 05 k)
rf Ry (K)ORGer (9
weighfauthor(k)) + 5> weighfissuefr))
rd R \ORe
Wl(k) - E( ref (k) Rref (k)
maX,ry (r)| Weigh(author(k')) + > weighiissuefr))

rof Rl (KWIOReer ()|

The score of a comment depends on the weight alitfsor and raters, and on the
share of agreement ratings in the set of all ratimdhas received. In addition,
Weight w; takes into account the number of participantsrigigsued ratings of
Commentk and normalizes the scores in the forum threadhgugie maximum
sum of weights of author and raters.

Definition: Proposal score, pscore.
> scorg — Y  scorg

K Kref (P} KK (P)
pscorép) = E( el )
max | > scorg — X  scorg |
pOF kE(Kr"ef(p')D{p'}) KOKref (P)

The score of a proposal depends on the scores pfdtand contra arguments.
The more pro arguments there are, and the higkerdbores are, the higher is the
proposal score. Similarly, the fewer contra argutsi¢imere are, and the lower
their scores are, the higher is the proposal séatditionally, scores are
normalized on the forum level, to make scores ffedint forums comparable.
The evaluation of proposal extensions is a diffimsue considering that
the context of these extensions is not boundedymay. In particular,
extensions can address different perspectivesegbrbposal; they can mutually
exclude each other or not. We have left the questaw to score them as future
work and have evaluated them by hand in this custrmly.

Anonymity

Our forum is anonymous. The names of comments’ aasitlor raters are not
visible. The rationale has been to indeed put tloeld on the comments and the
argumentation and not on the persons involved hEurthe type of a comment as
specified by its author is not displayed. For instg if a person is strongly in
favor of a certain proposal, he might rate the @arguments negative a priori
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without even bothering to read. Similarly, summsr@g ratings of comments
issued so far are not shown either to avoid inftugg participants.

Hypotheses

We have evaluated our forum model by means of éeneie user study. Before
describing it, we list some of our hypotheses, tiogiewith their rationale.

H1: Participants have deemed our weighting schemaif. We are interested in
the perception of the fairness of the model byigiggnts, including our choice of
criteria and the technical details of the indicataiculation.

H2: The perception of usefulness of decision-makingcheme is positively
correlated with the perceived fairness of the weidging model. The fairer the
weights are perceived, the better is the evaluatidhe decision-making scheme.
H3: The perceived fairness of the weighting schems positively correlated
with the degree of respect for the opinions of othis. This hypothesis evaluates
the effects of the weighting scheme on the evalnadf proposed solutions to the
discussed issues. By assigning weights to thecpgaatits, they have different
degrees of influence on the decisions.

H4: The higher the perceived usefulness of decisianaking scheme, the
more satisfied is the community with the winner pr@osals. If participants
perceive the decision-making scheme as useflioiilgl have a positive effect on
their attitude towards winner proposals.

H5: The higher the evaluation of the decision-makig scheme, the higher is
the perceived quality of the decisionsThis claim is similar to Hypothesis H4,
but with the distinction that the perceived quatifythe decisions is affected.

H6: The perceived quality of the decisions is posuely correlated with the
participants’ feeling that their opinion is respeced. If participants think that
their opinion is respected in the community, thiswdd affect their evaluation of
the quality of decisions in a positive way.

H7: The degree of adherence to our criteria is pasvely correlated with the
fairness perceived.The rationale behind this hypothesis is to gathethér
evidence whether our design works at all.

H8: Displaying weights of participants affects thai behavior. In other words,
the indicator values displayed to all participantl influence their behavior in a
way that is desirable.

Experimental setup

Our implementation of the forum model proposed @oi$ based on the open-
source forum softwarphpBB It is written in php and uses the MySQL database
for persistent data storagehpBBis listed in relevant blogs and forums as one of
the top ten open-source forum projects. We haveneled the existinghpBB
platform with the specifics of our model: commeypds, ratings and weighting
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and decision-making scheme. Additionally, we hadapted the interface in order
to anonymize the data, i.e., we did not want t@ldis information such as the
names of comment authors.

To evaluate the proposed model, we have run an riexpet with 250
participants. The participants were students indagbase course in the fourth
semester of the KIT Bachelor program in computéers®e. The experiment was
running for four weeks. In this time period, stuttehave discussed several issues
relevant to them. To illustrate, the list of topisgollowing:

What should be the topic of the last session & daitabase course®/e have
come up with the following three proposals oursglve line with the knowledge
and interests of the instructor, and have made #iable for discussion: data
management in the cloud, introduction to databasergy, introduction to the
development of database applications.

How should a budget of EUR 500 be spent on beHathe studentsnly
proposals which are in line with the German regoibet on how public money
may be spent are admitted by the moderator. ‘Bisestin example of a proposal
that is not acceptable.

We have procured a new iPad%(generation, Wi-Fi, 16 GB) to give away; who
should receive it. Proposals containing the names of individuals or
circumscriptions of concrete individuals are notcegted, only abstract
specifications such as ‘the best student in thestla

Assuming that the computer-science departmentléestalfund a new chair, what
should be its research directionPhe winner proposal (and only the winner
proposal, in order to avoid information overload) Wwe brought to the attention
of the dean of the department.

What should be the topic of a new course in the afedatabases/information
systems in the next academic ye®ve have promised that the winner proposal
will indeed materialize.

Given the current criteria for the selection ofduats for the KIT master program
in computer science, which one should get a higleght?The winner proposal
will be brought to the attention of the dean.

Regarding the current KIT bachelor program in cotgpuscience, what is the
most urgent reformThe winner proposal will be brought to the attentof the
dean.

We point out that we have announced that the dewssby the group are
binding to us. For instance, we have promisedwleatill indeed offer the course
with the highest degree of agreement in the sulesgcacademic year, and that
we will try hard to find a lecturer in case we ai@ able to teach it ourselves
(analogously with the iPad or the EUR 500). Regeydihe issues where the
winner proposal is brought to the attention of dean, we also deem this a real
incentive, since it should be of interest to thenagement of the department to
get to know the preferences of an entire age group.
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To illustrate the effects of moderation, we havecdrded the suggestion
that EUR 500 should be used to buy cake to thro@aeh other. However, once a
proposal had been approved, we have not filtergdaaguments referring to it.
For all issues, we have made it clear that thelleonly be one winner proposal,
e.g., the EUR 500 will not be split. The rationaies been that we indeed wanted
to study how the community deals with the situatwimere proposals compete
with each other.

In our specific setup, a further incentive for takipart in the forum
discussions were bonus points for the final exasfoows: A participant must
have posted 5 comments, none of them off-topicepetition, and 20 ratings in
order to receive a bonus of 5% of the points ondldcearn in the exam. With
fewer comments and ratings, the bonus has beenomiapally smaller.
Obviously, an urgent question now is whether tlisus is the only rationale for
participation. However, statements in the questinenand participation statistics
indicate that a significant number of participadmés’e been interested in the forum
discussions themselves. Out of 163 participants Wwaee posted at least one
comment, 74 have posted more than five commentspfols6 participants who
have submitted at least one rating, 103 particgdnatve generated more than
20 ratings. Thus, while that bonus might have eficed participant behavior, it
obviously is not the only stimulus for participatio

We have decided to evaluate our forum model bynmed a questionnaire.
At an early stage of the project, we had considdoething a committee of
experts who would assess the various proposalsekfait is difficult to impos-
sible to decide which proposal actually is good] arich one is not. To illus-
trate, even ‘beer’ might actually be a good proposiace it fosters socializing
within that community — even though the organizdrthis experiment might not
like it. Further, our research question has beem tooarrive at decisions satisfy-
ing to most of the community members and not necégsit good decisions. We
point out that privacy is valued highly in Germarand we have done the
evaluation anonymously (and actually had to go ugho significant effort to
facilitate that bonus-point regulation). In consewoge, we could not relate
questionnaire answers to user behavior in our systée do plan to analyze the
user data collected from our system in detail, dudh a study exceeds the scope
of this article.

Results

In total, 250 participants have registered. 16&hefm have generated at least one
comment, and 156 have issued at least one ratirfggparticipants have filled out
the questionnaire. As described earlier, there Hseen seven different forum
issues, and participants could generate proposalsiX of them. The moderator
had approved 88 proposals altogether, and 963 cotsmere generated in total.
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We now say which hypotheses we have been ablditatain our setting.

H1: Participants have deemed our weighting schemeaif. Looking at the
absolute numbers, 19 participants out of the twiahber of 116 participants have
rated the fairness of the model as moderate. Rewllthe grading scale ranges
from 1 (not fair at all) up to 5 (very fair). Herenoderate’ means Rates 1 or 2.
Thus, the hypothesis is confirmed. — The critenln\the highest correlation with
the perceived fairness are the following ones: $oq@umoderate out of 116), tone
(16 moderate out of 116), and honesty (15 out @).1The highest positive
correlation between the perception of the fairréghe weighting scheme and the
fairness of the criteria is observed for the follogy criteria: tone (r =
0.356591298, p < 0.001), individuality (r = 0.34@6387, p <0.001), originality (r
= 0.335690504, p < 0.001).

H2: The perception of usefulness of decision-makingcheme is positively
correlated with the perceived fairness of the weiging model. Our analysis of
the questionnaire data shows that there is a sgnif correlation (r =
0.543288363, p<0.001). In absolute numbers, onlyékficipants out of 116 have
rated the decision-making scheme as moderate, B2veaitral.

H3: The perceived fairness of the weighting schemie positively correlated
with the degree of respect for the opinions of othie. We have not observed a
significant correlation. One possible explanatienthat participants have not
seen/understood how their weights affect commeaotescand the evaluation of
suggested solutions.

H4: The higher the perceived usefulness of decisianaking scheme, the
more satisfied is the community with the winner prposals. We have not
observed a significant correlation that confirmse thelationship from the
hypothesis. . Leaving aside that we have not bbenta confirm that correlation,
the usefulness of the decision-making scheme is: Hify participants out of 116
have rated the decision-making scheme as modefz2e,were neutral.
Furthermore, there is evidence that people thik their opinion is respected.
Out of 114 participants who have answered the auresn the respect of opinion
in the forum, 73 participants have given high rag%swere neutral and only 11
participants have found it unsatisfactory.

H5: The higher the evaluation of the decision-makig scheme, the higher is
the perceived quality of the decisionsData analysis has shown a certain
correlation (r = 0.201883911, p < 0.05). Still, gw@bability of misinterpreting
the correlation is lower than 5% (p<0.05), but sotaller, and this leaves some
uncertainty from a statistics point of view.

H6: The perceived quality of the decisions is posiely correlated with the
participants’ feeling that their opinion is respeced. The correlation is
significant r = 0.23265865, p < 0.02. The quatifythe final decision is closely
related to the perceived respect of the opiniootioérs in the forum.
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H7: The degree of adherence to our criteria is posvely correlated with the
fairness perceivedWe have not discovered any significant correlatiote that
this does not mean that the relationship that fdimasasis of the hypothesis does
not exist; it is just that we have not been ablealdate it in our setup and with
our questionnaire. In absolute numbers, 31 paditgpout of 116 have stated that
the criteria and the weights have influenced thmmhavior in the forum. See
Section 6.1 for a respective discussion.

H8: Displaying weights of participants affects thei behavior. Again, we
cannot confirm this hypothesis here. Only 13 pagodiots out of 116 have stated
that their weights or the ones of their peers hadfected them. We stress that we
have communicated our criteria in detail; stillcaaling to most participants, this
has not influenced their behavior. Again, see $adil for a discussion.

A further point is that participants were honesiew rating contributions of
others. Out of 116 participants 110 claimed thaytihad behaved honestly.
Additionally, in the control question more than 6586 participants have
estimated that more than 70% of participants haldaved honestly. In our
opinion, such a high percentage of participantsriieg a rather large group of
other participants honest in many situations isitiwve result. The correlation
between self-reported honesty and the perceiveeéstprof others is significant
(r =0.360109957, p < 0.001).

Discussion

Although the questionnaire results have been hkeligfuanswer some of our
questions, there are some results that leave roodifferent interpretations.

Questionnaire results

Looking at the free-text answers in the questiamnave for our part have gained
the impression that the judgments on some pointe v8emetimes based on
superficial interpretations rather than on a thgtounderstanding of the issues.
According to our web-access statistics, the majaitparticipants has not fully

read the documentation of the weighting and thesaeemaking scheme. E.g.,

participants have evaluated criterion 'honesty’ hhigilthough most of them

probably have not understood the peer-predictiothate and a few individuals

have complained about their scores. Another exampleat the decision-making

scheme, though rated highly, has not yielded moceg@able decisions from the
community point of view. The participants have amkiedged that respect of
opinions of others is higher, and that decisiors @fr higher quality, but not

higher tolerance towards decisions taken. Furthegmparticipants rarely have
given full-text answers containing constructive coemts on how the model

could be improved, or explaining why they have le¢n satisfied.
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Democratic principle

Clearly, weighting participants based on their atrameans that participants
have different influence on the decisions. The athge is that this should serve
as an incentive to take part in the deliberatioa sonstructive fashion. However,
when trying to convince another community to adopt approach in order to

come to decisions, there has been some resenthm@nbour scheme was ‘not
democratic’ because of that reason. However, oprageh does not violate the
principle of equality according to the German ctingbn since it treats all par-

ticipants equally; we have consulted with legalexp on this issue. Further, our
perspective is that the criteria are clear and-detlumented. In addition, one's
opinion does not affect the weight since our aatare purely formal and do not
include the degree of agreement/disagreement otdh@munity with the argu-

ments. Further, participants with a low weight stith influence the decisions, by
coming up with arguments that are well receivednmgt community members.

Forum model

The motivation behind our work has been to fosedibération and to give way to
decisions widely accepted by the community. We haoreducted our evaluation
with the audience of a university course. This bame differences to other
communities: First, an age group of university stud, being roughly of the same
age and sharing similar academic interests, idasively homogeneous group of
individuals, compared to other settings. For insgarthink of public or political
discussions which gather different groups of indiinals regarding motivation,
interests, educational and social background. SEdorour context, while bonus
points have been an important incentive, they haargainly not been the only
stimulus for participation. Students have showeredst for the topics discussed,
l.e., two third of the students who have postedeast one rating have posted
more ratings than required to receive the full l®oritinally, our rules for earning
the bonus points have affected the behavior ofiggaaints. They should have
posted a certain number of comments and ratingsder to earn this reward.
These settings have advantages and disadvantadmie. itVmight seem at first
sight that this lets our approach appear in a bkgfiet, this is not necessarily the
case. In particular, individuals who have only begarested in the bonus, but not
in the issues to be deliberated had to generatenemts and ratings. One would
expect this ‘noise’ to curb the satisfaction of tleet of the community with our
approach. Nevertheless, the satisfaction rate bas high, as described earlier.
This gives way to the expectation that our approaghalso work in settings
without any external incentives such as bonus polbwever, investigating this
is future work.

Another issue is that the system is to some extelmterable to attacks
such as the following ones: Individuals can team e@n high weights by
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deliberating issues of little interest to them, #meh use their weights to influence
decisions relevant to them. However, our criteflmeadth’, while not ruling out
this attack completely, does make it more difficitrther, while it does not
mean that this behavior pattern does not occuticgants in our study have not
observed this kind of attack, at least accordinthéoquestionnaire. The question
how to make this attack even more difficult is fetwork. Another problem is
that we have observed that some comments did n@ &ay relevance for the
discussion; still they have not been marked asagfie. By finding ways to reduce
the number of or eliminate this kind of commente tbverall quality of the
arguments would increase. One way to deal with prgblem could be to
introduce another category next to ‘repetition”aff-topic’, namely ‘irrelevant’
and to have a respective new criterion, i.e., p@dnts must not post irrelevant
comments. Another solution might be to leave asadguments without any
ratings or follow-up comments when computing pr@basores. This item is a
specific example of a larger issue, namely thatroadel can still be improved.
As mentioned, our model is ad-hoc, and improvemanrdslikely to be possible.
However, note that this is not in contradictionotar contributions. In a nutshell,
our concern has been to check whether our specditel is useful.

As stated before, the evaluation of proposal exbessis an open issue
which is very difficult to solve, considering thaversity of extensions. For
instance, we do not see at this point how to deeuthether two proposal
extensions mutually exclude each other or could & implemented. Further,
even if we could answer this question, we wouldehtvdecide how to select the
extensions to be implemented. Addressing thesetiqunesexceeds the scope of
this current study and is future work. As mentigneeé have evaluated the
extensions by hand in our current study. The fa&t hobody from the community
has brought up any concerns regarding this cowgtate that participants might
already be happy with a moderator/elected repraseatchoosing the extensions
to be implemented, as long as the proposal withthigkeest score will be carried
out.

Conclusions

In this article, we have proposed a novel apprdachdentifying and evaluation

of problem solutions in online settings, based loa discussion itself and its
structure. The decision-making process we have gsexpp relies on the

deliberative manner of collecting and exchanginguarents in order to weight
solution options. In order to achieve a discusstacture that gives way to an
evaluation of solution options we have come up wiHrious extensions of
conventional forums and discussion structures. e kevaluated our approach
by conducting an experiment with individuals disiog topics of relevance for
this particular community. Our overall impressioihtioe discussions is that the
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individuals have addressed the issues very welie fesults we have presented
here are from the survey conducted after the exygsri. They suggested that that
particular community had been satisfied with ouufo model and the respective
decisions.
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