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Why Opinion Propagation in Online
Forum Threads?

" Online forums are very popular among Internet users
" A mixture of positive and negative opinions

" There are multiple applications in the real world



Opinion Concept

® The definition given in the Oxford Dictionary

= “A view or judgement formed about something, not necessarily based on fact or

knowledge”

= “A statement of advice by an expert on a professional matter’

" Computational perspective (Ding et al., 2008)
" Target entity
* Holder
" Sentiment

- Timestamp

X. Ding, B. Liu, and P. S. Yu, "A holistic lexicon-based approach to opinion mining," presented at the Proceedings of the 2008
International Conference on Web Search and Data Mining, Palo Alto, California, USA, 2008.



Related Work vs.
Our Original Contribution

= Related Work: Drawbacks

® The Voter Model, The Sznajd Model, The Deffuant Model, The Hegselmann-
Krause Model

" (-) The propagation of opinions in the networks (e.g. the Watts-Strogatz network
model or the Barabasi-Albert network model)

" (-) Opinions are numerical values, randomly assigned to individuals

® (-) The interactions over time between neighboring individuals are also randomly

established

" Our Original Contribution: Opinion Propagation in Forum
Threads

" Our method consists in determining whether, until a given time step, the users in
discussion are in agreement or continue to have different or even contrary
opinions.

" (t) We take into account the opinions written by users

= (+) We use the real-world’s online forum threads



Online Forum Thread

T57)Spr, Upt,), Pprlt,), Rp(t,)attimestept, 7 € N*
(P, t) (P, t,) (P, t.) (P, t,)
Forum: Relion Debates . . . . .
Foundng Pt e, Chitin e, St Py, SpsionfChuch nd Sk, 0 ormenrentsin b Flg- 1. Timeline of posts in an online forum thread
< @

ATl Eomm TOpiC

Thread: Faith Healing? Present your evidence!

Threzd Took™  Rate This Theead»  Display™

B03-14-2012, 09:49AM #1
e Jon Cate: May 2009
Accipiter © ¥ 7
Registered User Pt 8587
Faith Healing? Present your evidence!

1 ani sure tht "o one wil post nere because there is no evidence

M03-152012, (5:16 AW 3
. Joh Date; Hay 2009

Accipiter e

Registered User Posts: 3,687

< 8 Oignaly Pasied by Easyrider
st go read about Smith Wiggleswarth.

Then go cimb 3 poke.

1 read the Wikipedia page about Smith Wigglesworth and ever thou he assumed he was a faith healer there was no evidence giving about whether or not his faitn healing
actualty worked.

Perhaps you could offer 3 Ink that supparts your pont of vew?

BOS1-2012, 0446 PM #2
e Jon Cate: Dec 2004

Easyrider ¢ - vy
One Naticn Under GOD fr a8

< 1 Oiginaly Postec by Accipiter gy
T am sure that no cne will post here because here is no evidence.

Just go read about Smith Wigglesworth.

Then ga climb 2 pole.



Online Forum Thread

= (Tpor Spr) Upr(t), Ppi(t), Rpi(t) attime step t, T € A/*

Py t,) (P, t,)

Forum: Relion Debates

(py to)

(P, t,)

Foundng Pt e, Chiti e, o Py, SepsionfChuach nd Sk, 0 ormenrentsin b Fig- 1. Timeline of posts in an online forum thread

Fanm Todk Searh Farme

Thread: Faith Healing? Present your evidence!

< —
Fwasddookx _Date Tric Thaadw _Disglayw
N03-142012, 0949 AM #1
Accipiter © m«m M:‘Zg
Registered User ‘

Faith Healing? Present your evidence!

1 ani sure tht "o one wil post nere because there is no evidence

M03-152012, (5:16 AW 3
ooy o Join Date: May 2009
Accipiter e
Registered User Posts: 3,687
< &8t Oignly Fosied by Easyrider @
st go read about Smith Wiggleswarth.
Then go cimb 3 poke.

1 read the Wikipedia page about Smith Wigglesworth and ever thou he assumed he was a faith healer there was no evidence giving about whether or not his faitn healing
actualty worked.

Perhaps you could offer 3 Ink that supparts your pont of vew?

BOS1-2012, 0446 PM #2

Easyrider © :;:l;mr De|("
One Nation Under GOD =

< 1 Oiginaly Postec by Accipiter gy
T am sure that no cne will post here because here is no evidence.

58

Just go read about Smith Wigglesworth.

Then ga climb 2 pole.

Topic

Thread Subject




Online Forum Thread

= (Tpr, Sph Upi(t), Ppo(t), Rp(t)) attimestept, T € ANV*

(P, t) (P, t,) (P, t.) (P, t,)
Forum: Relion Debates

Foundng Pt e, Chiti e, o Py, SepsionfChuach nd Sk, 0 ormenrentsin b Fig- 1. Timeline of posts in an online forum thread

Fanm Todk Searh Farme TOpiC

Thread: Faith Healing? Present your evidence!

Thesd Tookw  Rate Ths Tvead»  Disglaye Thread Subject

Accipiter © Join Cate: Mav 2009

‘meu Posts! 3,687
L A set of users
Faith Healing? Present your evidence!

1 ani sure tht "o one wil post nere because there is no evidence

A03152012, (516 AM

Join Date: May 2009

Gl Posts: 3,687

Registered User

< 8 Oignaly Pasied by Easyrider o
st go read about Smith Wiggleswarth.

Then go cimb 3 poke.

1 read the Wikipedia page about Smith Wigglesworth and ever thou he assumed he was a faith healer there was no evidence giving about whether or not his faitn healing
actualty worked.

Perhaps you could offer 3 Ink that supparts your pont of vew?

BOS1-2012, 0446 PM #2

Easprider o :;:l;mr De:;g
One Nation Under GOD ot

< 1 Oiginaly Postec by Accipiter gy
T am sure that no cne will post here because here is no evidence.

Just go read about Smith Wigglesworth.

Then ga climb 2 pole.



Online Forum Thread

" (Tpr Spr Ut ) \PpAt), Rp(t)) attimestept, t € N*

(P, t) (P, t,) (P, t.) (P, t,)

Forum: Relion Debates . . . . .
Faundng athrsRekon, Chiien o, chool s, SepartionofCrrch and St 10 Cormananents Sl Flg . 1. Timeline of po sts in an online forum thread
Fonn Tk Seath Fone Topjc
Thread: Faith Healing? Present your evidence!
Thresd Took™  Rate The Theead Disglay™ Thre ad Sub]‘ ect

03142012, 09:49AM #

o o Jonn Ciate: May 2009

Regutred o pors: 4

A set of users

Faith Healing? Present your evidence!

1 ani sure tht "o one wil post nere because there is no evidence

S . A set of posts, so that p € P (t;) represents
s s interventions of the users u € U,,(t;) on the
T subject S, at time step t;
st go read about Smith Wiggleswarth.
Then go cimb 5 pole.

1 read the Wikipedia page about Smith Wigglesworth and ever thou he assumed he was a faith healer there was no evidence giving about whether or not his faitn healing
actualty worked.

BOS1-2012, 0446 PM 2

Easyrider o mgﬂr DEI( }1&
One Nation Under GOD &

< 1% Oiigingly Postec by Accipiter gy
T am sure that no cne will post here because here is no evidence.

Just go read about Smith Wigglesworth.

Then ga climb 2 pole.



Online Forum Thread

“ (TDT/ SDTI UDT(tr)I PDT(tr)

Rp(t)) a

Py t,) (P, t,)

ttimestept, 7 € A*

(P, t,)

(P, t,)

Forum: Relion Debates
Faundng athrsRekon, Chiien o, chool s, SepartionofCrrch and St 10 Cormananents Sl

Fanm Todk Searh Farme

Thread: Faith Healing? Present your evidence!

Ttread Took™  Rate This Theead v Display™
N03-142012, 0949 AM #1
2oin Cunk Mau2009
Registered User pats 3687
Faith Healing? Present your evidence!
1 am sure that no one will post nere because there is no evidence
M03-152012, (5:16 AW 3
“Ricipiter . - 2
Registered User fors S

< 8 Oignaly Pasied by Easyrider
st go read about Smith Wiggleswarh,

Then go cimb 3 pole.

I read the Wikipedia page about Smith Wigglesworth and ever thou he assumed he was a faith healer there was no evidence giving about whether or not his faitn healing
actualty worked.

Perhans vou could offer 3 Ink that sugoorts vour sont of vew?

RO214-2012, 04:46PM
(’ % Oiiginally Postec by Accipiter gy
T am sure that no cne will post here because here is no evidence.

Easyrider
One Nation Under GOD

Just go read about Smith Wigglesworth.

Then go climb a pole.

Fig. 1. Timeline of posts in an online forum thread

Topic

Thread Subject

A set of users

A set of posts, so that p € P (t;) represents
interventions of the users u € Up(t;) on the

subject S, at time step t;

Rpp(ty) & Ppy(ty) X Ppyfty)

® belong-to relation R (t;) C Up(t;) X Pp(t,),
so that, if (u, p) € Ryt;), the post p €
P, (t;) was written by the user u € U, (t;).

® reply-to relation Rpy(t;) C Pp(t,) X Pp(t,), so
that, if (p,, p,) € Ryyt;), the post p, €
P, (t;) replies to another post p, € Pp(t,).




Concepts

" Noun Term Vocabulary

= All distinct noun terms on which the users Uyt expressed their opinions and
that are semantically related to one of the noun terms by which the subject S, is
written

= V4 4t) = {n,, n, ..., n;}denotes a d-dimensional vocabulary of noun terms at
time stept, T €




Concepts

® Discrete Opinion Space

" The opinions of each user u € Up(t,) on the noun terms from the Vocabulary
VdDT( t.) can be represented by a vector in a d-dimensional discrete opinion space

OSdDT: {-1, 0, -I-]}d
m OdDr(tz) = [0, 0, .- o,]" denetes an opinign vector at time step t,, T € N*_ in the
d-dimensional discrete opinion space OS¢,

" The opinion entries o, can take one of the following sentiment scores: -1, 0, or +1

= QObservation!

= If the user u € U,,(t,) does not express his opinion on the noun term s, € VdDT( t,)
until time step t,, T € AN*, then we consider the value O for the entry o, € o7y,
(t,)

* If until time step ¢, T € N*, the user u € Uy (t,) gives more opinions on a noun
term, then only his last opinion is taken into consideration



Concepts

" Term-User Opinion Matrix
" We construct a dXn term-user matrix A, ,(t) = [A;(t) At ) ... A (t )] at
time stept, T € N
" ndenotes the number of users in the set U,(t,)
" Each column A (1) = [a; (t) a, (t) ... a.d,u(tT)]T corresponds to a user u €

I e

Up,(t,) and denotes the d-dimensional opinion vector of the user u € Up(t,) in
.. d
the discrete opinion space OS‘;

" User-User Similarity Matrix
- We&(/:onstruct a nXn user-user similarity matrix B, (t,) at time step ¢, T
& *x

= The entry of the row k" and of the column A" of the matrix B, ,(t,) is

denoted by b, ,(t.) and represents the similarity between users k and u €
Upy(t,) from the perspective of the opinion vector expressed by these

USErs

* byult) =sim(At) = [a; (t) a,,(t) ... ag,(t)]", A(t) = [a;,(t) a5 ,(t)

o, (6)]T) = 2, @ (t)a, (1)

Z_: (ai,k (tr))z Z (ai,h (tr))z

QU




Problem Formalization

" The Problem of User-Level Opinion Propagation in Online Forum

Threads:

" Input: Given, at time step t,, T € N*, a subset of users U'p(t)) C Up(t,)
who have similar opinion vectors for any time step t, t 2 t, (i.e. b < ¢,
P i T ulul I

[] u,, u; € U’ [t )) and who initiated the opinion propagation process at time

St@p t‘L’

" Goal: Auseru € UDT(t].) \ U’(t,) is considered to be influenced, at time step
£, t]. > t_ by the opinion propagation only if the following condition is met:

/ u3,u

where u, € Upnit) \ U n(t,), L u, € Uy,

<

ul,u\"j

The opinion vector of the user u

should be dissimilar to the opinion

l])/ set.

vectors of the users U, (t) \ U’ (t,)

)

€

and the naramotore £ e ran ho

The opinion vector of the user u
should be similar to the opinion

vectors of the users U’ (t,)

We study the case in which ¢, = ¢, and the set U’ (t,) = {u,}




Proposed System

Preprocessing J= Opinion EutractiunJ

1 uj LS g us -

- e [T User-User Noun Term
= S S| similarity Matrix | Vocabulary
w Construction Construction

Fig. 2. General architecture of the user-level opinion propagation analysis in online forum threads

= Step 1: Preprocessing

* tokenization, part-of-speech tagging, syntactic parsing, and coreference
resolution



Proposed System

= Step 2: Opinion Extraction
* The Stanford Dependencies:

. binary semantic relations in a sentence between a governor and a
dependent (abbreviated_relation_name(governor, dependent))

relation_name

Governor
weord

€ Dependent word

PS “dObj”, “nSUbj”, “amOd”, (Cacomp”, “advad”, “Xcomp ”’ ((neg”

* For example, “nsubj” (nominal subject): the governor is any
adjective, and the dependent is a noun term

* For the sentence “ The movie is interesting” the Stanford
dependencies are: det (movie, TheJ;, nsubj (interesting, moviey,
cop ( interesting, is), root (ROOT, interesting)




Proposed System

= Step 3: Noun Term Vocabulary Construction

Algorithm 1: Construction of Noun-Term Vocabulary

Algorithm 2: Mining Dependency Felations from a Forum Thread

Input: Ppr(t;) = {p.}= v — set of posts m the forum thread at time step t;;

Input: Spr = {Wy}x  n — the subject of the forum thread;
Output: Vdm(tt) — noun-term vocabulary at time step t;;

1: Q « MmingDependencyRelations (Ppr(t;) // Q = {(hy, dy)}maen

2. for each word wi. 1 Sprdo

3:if (checkNoun(wy) and length(wy) > 3) then
4: Wi < lemmatization(wy)

5: Wi < lowercase(wy)

0: else

7: SDT — SDT \ Wi

8: end if

9:  end for

10:  for each par (hy,, d,) n Q do

1 sim = Yo eso . Simyy, (hy, wy)

122 if sim != 0 and by, € Vdm(t.[) then
13: Voor(t) — Vohr(t) U (hy)

14: end if

15: end for

Input: Popit) = {pi}ien — set of posts in the forum thread at time step t,;
Output: Q = {(hy. dy)} poes—pairs (noun_ferm, opimon word)

._.
i

[
S lh R

d

._.._.
ol b

-

| ]
Py

Q0

for each post pim Prodty) do

._.._.._.
b = S M2 00 =) OB LA e e B e

Flpy) + Farse(p:) // (Oe set {Telj;(Ry, G301 k1= 01 dependency relations from
postpy

for each dependency relation rel, (., d)m Rip) do
if (rel;; = "dobj” and checkVerbh; .} and checkNoun(d;;) then
Q w— QU (hy GLJ
end if
if (rel;; = "nsubj’ and checkAdjective(h;;) and checkNoun(d;;) then
Q QU (hy d)

end if

if (rel;; = "ameod’ and checkAdjective(h;) and checkNoun{d;y) then
Q — Q U (diy by

end if

if (reli; = "advmod’ and checkVerb{hix) and there is relij(haw. dig) so that
relji= "nsubj’ and hix = hi then
Q .« Qv (dy din)
end if
if (reli; = acomp’ and checkVerb(h;;) and there is rel; 5{hi, din) so that
reli="remod’ and hix = din then
Q — QU (dis, hiw)
end if
if (reli; = "xcomp’ and checkVerb(hix) and there is relijlhis, dig) so that
relij = “ccomp’ and i = din then
Q-0 U (hiu, du)
end if
end for
end for




Proposed System

= Step 3: Noun Term Vocabulary Construction

Algorithm 1: Construction of Noun-Term Vocabulary

Input: Ppr(t;) = {p:}-= v — set of posts n the forum thread at time step t,;

Input: Spr= {Wy i v — the subject of the forum thread;
Output: VdDT(tT) — noun-term vocabulary at time step t;;

l: Q « MiningDependencyRelations (Ppr(t,)) // Q = {(hy, do)}macn
2:  for each word wi. m Sprdo

3.  if (checkNoun(wy) and length(w;) > 3) then

4; Wi < lemmatization(w)

¥ Wi « lowercase(wy)

6:  else

T: Sor < Spr | Wi

8 endif

9: end for

The extraction of pairs (noun_term,
opinion_word) by using the dependency

relations considered for opinion mining

The identification of the nouns terms in
the subject of the forum thread

0: for each pair (b, d;) m Q do

L sim & Yo eson Sy (hy, W)

> ifeim = Uand b 6%"1@7(_&) then
3 Vinlt) « Viorlt) U (b

4. endif
5: end for

We remove the noun terms that are not

relevant to the subject of the forum

thread




Proposed System

= Step 4: User-user similarity matrix construction

Opinion Lexicon

Opinion Lexicon

Sentiment Categories

Characteristics

Dimension
SentiWordNet 3.0 |155,287 words Each word has a score e [t is semi-automatically
(based on WordNet | from 117,659 ranging between 0 and 1 for generated.
3.0) synsets each positive, negative, or e [t distinguishes between parts
neutral sentiment category. of speech of the opinion
words.
Micro-WNOp 1,960 words from | Each word has a score e It is manually generated.
(based on WordNet | 1,105 synsets ranging between 0 and 1 for | e It distinguishes between parts
2.0) each positive, negative, or of speech of the opinion
neutral sentiment category. words.
MPQA Subjectivity| 8,221 words Each word is in one of the e [t is semi-automatically
Lexicon following sentiment generated.
categories: positive, negative, | e It distinguishes between
both (positive and negative), | parts of speech of the
or neutral. opinion words.
Bing Liu’s Opinion | 6,786 words Each word is in one of the e [t is semi-automatically
Lexicon following sentiment generated.
(based on WordNet categories: positive or e |t does not distinguish
2.0) negative. between parts of speech of

the opinion words.
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Proposed System

= Step 4: User-user similarity matrix construction

Algorithm 3: Opimon Word Sentiment Mmmng usimg SentiWordNet / Micro-WNOp

Algorithm 4: Opimon Word Sentiment Miming using Bing Lm’s opinion lexicon

Input: w - opinion word;
Input: pos— part of speech for opmion word w;

Output: avalue = {-1, 0, +1} - mdicates the sentiment of opmion word w, where: -1 denotes a
negative senfiment, 0 denotes a neufral sentiment, and +1 denotes a positive senfiment;

[

20:

2P o bl B s b

if 'FmdOpmionWord(w, pos) then
return {
end if
S +« GetSenses(w, pos)
foreachs = 5do
difference «— GetPosifiveScore(w, 5) - GetNegativeScore(w, 5
if difference = () and GetPosifiveScore(w, 5) = 0 then
contmue
end if
if difference = () and GetPosifiveScore(w, 5) = 0 then
refum 0
end if
if difference = ( then
Tefumn +1
end if
if difference = 0 then
Tefurn -1
end if
end for
refumn +1

Input: w — opinicen word;
Output: a value = {-1, +1} — indicates the sentiment of opimon word w, where: -1 denotes a
negative sentiment and +1 denotes a posifive sentiment;
1:  if !FindOpinienWord(w) then
2: return ()
3 else
4 if w = GetPostivelist() then
3 return +1
: end if
T if w = GetNegativeList() then
g return -1
9 end if
0

1 end if

Algorithm 5: Opinion Word Sentiment Mining using the MPQA subjectivity lexicon

Input: w — opinicn werd;

Imput: pos — part of speech for opimion word w;

Output: a value = {-1. 0, +1} — indicates the sentiment of opinicn word w, where: -1 denotes a
negative sentiment, () denotes a neutral sentiment, and +1 denotes a positive sentiment;

1:  if !FindOpimonWord(w, pos) then
2: return 0
3: else
4: polanty «— GetPolamtyi{w)
3 if polanity = “positive” then
G: retumn +1
LE end if
8 if polanity = “neganve” then
9 retumm -1
10 end if
11: if polanty = “neumal” then
12: return 0
13: end if
14: if polarity = “borh” then
15: return +1
16: end if
17:  endif




Dataset

" We use the Internet Argument Corpus (IAC)
* http://www .4forums.com
° A dataset freely available
* Each discussion thread is saved in the [SON format

Table 1. Statistics on the experimental corpus.

Forum Thread Forum Thread Subject Time Steps Number of
Identifier (t) Users
(Upt(t))
Forum Thread 1 “proof of God’s existence” tag 7
t1o0 14
t140 15
Forum Thread 2 “Atheists - America's teo 18

ereatest threat?"
t121 19
t19 20
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Conclusions

More research on information propagation, but little on opinion
propagation in social media

It is useful to solve the opinion propagation problem because of its
multiple applications in the real world

We proposed a user-level opinion propagation analysis method in
online forum threads, by combining opinion mining and natural
language processing techniques

The results of our method for the opinion propagation problem
depend on the opinion mining techniques we use



Future Work

o Application of our opinion propagation analysis method to other
online forum threads

o Analysis of users’ behavior in the opinion propagation process in
online forum threads

N Study of the opinion propagation problem in different types of social
media, such as blogs and online social networks (e.g. Twitter), in
order to detect and describe the opinion propagation process in these
media
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