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Abstract

Online communities are a question answering environment where individuals can express their opinions freely. Quality of the
information generated in the online community is dependent on the individual expertise level. If the individual has higher level of expertise,
shared knowledge in online community is valuable and reliable. Experts ranking methods used for determining expertise level of individuals
and evaluating the accuracy of shared knowledge. In this study, a novel hybrid method for ranking experts in online communities is
presented. This approach incorporates users' relationship and content of users' answers to finding expert users in an online community. This
method is applicable to all online communities and only corpus in the field of online community is needed to accomplish that. We evaluated
our proposed method on Java online community and Cryptography section of StackExchange online community. Correlation between scores
of our method and scores of expert users introduced in both online communities exceeds 0.8, which is highly a reasonable value.
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INTRODUCTION

Online community is a collective group of entities,
individuals or organizations that come together through an
electronic medium to interact in a common problem or
interest space [1]. Professional online community is an
online social network in which people with common
interests, goals or practices interact to share information
and knowledge [2].

Nowadays, knowledge is considered as a source of
competitive advantage for individuals. Knowledge sharing
is an activity which an individual imparts his or her
expertise to another individual. One of the most important
applications of online communities is knowledge sharing.

There is a great deal of knowledge shared in online
communities but it is very challenging to determine their
accuracy. Unknown values of responses, long time of
response time, wasting time of experts with simple
questions and large volume of information are main
challenges in online communities.

By expert finding, questions are represented to experts
and answers are represented to questioners based on the
individual expertise level; subsequently experts spend their
time just to answer the questions that others are incapable
of responding to as well as large volume of information in
online communities can be summarized and questioners is
not confused with large number of responses. In additions
accuracy of answers can be determined.

As aforementioned, it is clear that expert finding is
critical issue in online communities and can be very useful
for utilization mass of shared knowledge. In this study, a
new hybrid method for expert finding in online
communities is presented. Proposed method recognizes
expert users by combining network-based and content-
based approaches. For this purpose a social network based
on replying relationships is constructed and weights of
edges are computed by using threads content analysis
between users. This paper is organized as follows. In the

next section, we discuss the related studies in this field. In
section 3, basic concepts are expressed. In section 4, we
introduce our proposed method. Experiment results are
presented in section 5. Conclusion of the study and future
works is described in section 6.

Related Studies

According to the literature review, methods of expert
finding can be divided into three categories includes:
network-analysis approach, content-analysis approach and
hybrid approach. These approaches are described as
follows.

Network-analysis approach focuses on link analysis
techniques in order to identify experts. For this purpose
graph-based ranking algorithms such as PageRank and
HITS have been used to rank users' expertise. In these
algorithms individuals are considered as nodes and
relationship between them is considered as edges in a
graph. Exchange information between two individuals
forms an edge between them. In [3], HITS algorithm, based
on email of people in the organization was used to rank
users' expertise. In [4], experts were discovered using HITS
algorithm in question answering community. In [5],
network-based approaches such as PageRank and HITS
were employed to finding experts in an online community.

Content-analysis approach first extracts keywords of a
user and represents that user by a term vector, subsequently
experts are extracted by standard information retrieval
techniques using vector space model. In [6], a content-
based system has been developed for finding experts. In
[7], experts can be identified with information retrieval
techniques. In [8], an expert finding method based on
assumption of sequential dependence between a candidate
expert and the query terms in the scope of a document was
presented. In [9], two models based on probabilistic
language modelling techniques were proposed which have
been successfully applied in other Information Retrieval
tasks.
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Both network-analysis and content-analysis approaches
for finding experts ignore some properties of the data.
Methods using network-analysis approach ignore the
content of users' threads in order that someone can send
irrelevance responses and obtain more scores, because he
or she has many links. Whereas content-analysis methods
do not consider relations between individuals in order that
expertise of a user who answers experts' questions will be
ignored.

As aforementioned, since network-analysis or content-
analysis approach alone has its limitations, hybrid approach
incorporates these approaches to finding experts. In [10],
experts were identified by using person local information
and relationships between persons in a unified approach. In
[11], a novel approach was proposed by combining features
of both above-mentioned approaches. In [12], a model with
combining features of network-analysis and content-
analysis approaches was proposed which recommends the
most helpful experts.

In this study, we use the advantages of network-
analysis and content-analysis approaches by combining
features of both approaches. For this purpose we propose a
novel method to construct the weighted social network in
an online community which semantic similarity of
questions and answers between two individuals has been
used for calculating weights of edges. Subsequently score
for individuals were calculated and users were ranked
within an online community.

Basic Concepts

Online communities

Online communities are interactive environment in
which people can express their opinions freely. Java online
community and StackExchange online community are
typical of these communities.

Until February 2013, Java forum has nearly one million
users and almost two million and a half questions in the
forum. These statistics clearly indicates that this online
community is highly active. Java online community is
divided into 16 subsections which each subsection
corresponding to one of the Java technologies. The
community introduces top participants in each subsection
which helps individuals to identify experts. The primary
way to gain score is by posting useful answers, so that the
questioner can use two types of labels for each response. If
questioner choice "Helpful” label for an answer, respondent
user receives 5 points, and if questioner select "Correct"
label, respondent user receives 10 points. Java online
community introduces 10 top users based on these points.

The primary way to gain points in StackExchange
online community is by posting good questions and useful
answers, so that 5 points for proper question, 10 points for
proper answer and 15 points for accepted answer be
considered.

Semantic similarity

Semantic similarity between two words is obtained
based on the likeness of their meaning content. There are
three approaches for the extraction of semantic similarity
includes: semantic network-based, definition-based and
corpus-based. These approaches are described as follows.

Semantic network-based measures use a semantic
network in order to calculate similarities. These measures
are often referred as knowledge-based measures. In this
approach, using WordNet, Concept Map or other resources,
semantic similarities are extracted. Semantic network-based

measures such as [13, 14], have a high precision but limited
coverage.

Definition-based measures derive similarity scores
from a set of explicit term definitions. These measures are
also known as dictionary-based measures. In this approach,
using the definitions in dictionaries or the web (Wikipedia)
or other resources and based on Vector Space Model,
semantic similarities are extracted. Definition-based
measures such as [15, 16], have a high precision but limited
coverage, same as Semantic network-based measures.

Corpus-based measures derive similarity scores from a
text corpus. In this approach, using the lexical and
dependency patterns in corpus, semantic similarities are
extracted. Corpus-based measures such as [17, 18], provide
extensive coverage but lower precision.

In this study, the aim is to cover all forums, thus third
approach has been selected. This approach does not require
any resources such as WordNet or dictionaries, instead
semantic similarities are extracted based on a number of
corpus.

Lexico-syntactic patterns

A lexico-syntactic pattern relies on lexical information
and syntactic categories. Lexico-syntactic patterns are
generalized linguistic structures which indicate semantic
relationships between terms. In [19], 18 patterns are
presented, as follows:

Such {NP=hyper} as {NP=hypo}, {NP=hypo}[,]
and/or {NP=hypo}.

{NP=hyper} such as {NP=hypo}, {NP=hypo}{,] and/or
{NP=hypo}.

{NP=hypo}, {NP=hypo}[,] or other {NP=hyper}.

{NP=hypo}, {NP=hypo}[,] and other {NP=hyper}.

{NP=hyper}, including {NP=hypo}, {NP=hypo}[,]
and/or {NP=hypo}.

{NP=hyper}, especially {NP=hypo}, {NP=hypo} []
and/or {NP=hypo}.

{NP=hyper}:  {NP=hypo}, ~[{NP=hypo} ]
{NP=hypo}.

{NP=hypo} is DET ADJ.Superl {NP=hyper}.

{NP=hyper}, e. g., {NP=hypo}, {NP=hypo}[,] and/or
{NP=hypo}.

{NP=hyper}, for example, {NP=hypo}, {NP=hypo}[,]
and/or {NP=hypo}.

{NP=syn}, i. e.[,] {NP=syn}.

{NP=syn} (or {NP=syn}).

{NP=syn} means the same as {NP=syn}.

{NP=syn}, in other words[,] {NP=syn}.

{NP=syn}, also known as {NP=syn}.

{NP=syn}, also called {NP=syn}.

{NP=syn} alias {NP=syn}.

{NP=syn} aka {NP=syn}.

Lexico-syntactic patterns are used for extraction of
semantic relations from text of corpus.

and/or

PROPOSED METHOD

As aforementioned, for calculating weight of edges in a
social network, semantic similarity of question and answer
between two individuals has been used. At the beginning,
information of corpus are extracted which are used to
calculating semantic similarity. For this purpose, a
collection of 56 e-books related to Java technology and 45
e-books related to cryptography was collected;
subsequently, lexico-syntactic patterns are applied to the
input corpus and all the concordances matching have been
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retrieved. The total number of extracted relations for Java
and cryptography e-books was 27400 and 17766
respectively.

After extracting related words, word pairs are ranked
using equation 1 which is presented in [19].

T 2 P(cic)
Simij = /pij b+ b.j " P(c) .P(c)) @
In equation 1:

Phrase p;; is a number of patterns which word pairs are
related, indicating the word pairs extracted by several
patterns are more similar than those extracted only by a
single pattern.

Phrase % penalizes terms that are related to many

i« + b
words, where u;, = % Zﬂl
related words per term and b;, = Z,-:eijz 11 is a number of
concordances containing word ¢; and e;; is equal to the
frequency of extractions between pair c;,c;. Also, b,; =
Sieyz1l.

Phrase

b;, is an average number of

P(cicj)
P(ci) .P(Cj)
where P(c;, ¢;) = ;‘é is the extraction probability of the

ij€ij
pair c;, ¢; and P(c;) = Zf—}
and f; is the frequency of c; in the corpus. Also, P(cj) =
Ji
Sifi

penalizes relations to general words,

is the probability of the word c;

For the next step, information relevant to the user's
profile and the user's posts of online community are
extracted. The formatted data was stored in a database
which provided inputs to calculating scores of users.

After extracting information of online community,
social network of given online community was constructed.
For this purpose, we analyzed threads in the online
community and extract interactions between individuals.
For calculating weight of edges we used semantic similarity
of question and answer between two individuals. For each
answer and question, similarity is calculated using equation
2.

SRQ(Response, Question) =

(ZQ € Question, Simpg >0 SimRQ)
2 X ZR € Response Nqu

COUNtR e Response + COUNLQ € Question (2)

In equation 2:

Response: Keywords in the text of response.

Question: Keywords in the text of question.

Simpgqo: Semantic similarity between keyword R in the
response and keyword Q in the question.

Numg: The number of keywords in the question which
related to response.

Countg ¢ gesponse: The number of keywords in the
response.

Countp ¢ guestion- The number of keywords in the
question.

Weight of edge between individual i and j is calculated
using equation 3.

ZR € Responsesl-i SRQ (R.QR)

Countge Responses j;

W(Ui, 'U]) = (3)

In equation 3:

Responsesj;: All responses of j to i. Someone may
have more than one response to another.

SRQ(R, Qg): Similarity of response R and question Q
related to R.

Countp ¢ responses;;- The number of responses which j

answered to i.

After constructing weighted social network of online
community, we can calculate the score for individuals and
rank users. Final user's score is calculated using equation 4.

UserScore(A) = Ty, eiuee W (i, V) 4)

These scores have been calculated for all users of each
subsection in Java online community and Cryptography
section of StackExchange online community and
individuals who have the most scores have been recognized
as experts.

EVALUATION AND RESULTS

To evaluate the proposed method, Spearman correlation
between the results provided by our method and Java
online community and Cryptography section of
StackExchange online community is used. For this purpose,
first number of responses for each subsection of Java online
community was computed and subsections which the
number of responses is more than 3000 have been
considered. The number of remained subsections was 11.
Subsequently, final user's score is calculated using equation
4. Afterward Spearman correlations were calculated
separately for the 11 subsection as well as for the entire
Java online community. Overall correlation is computed by
taking the average of correlations which was equal to 0.86.

Table 1 describes the statistics of the collected dataset
from Java online community and results of our proposed
method. In this table, the abbreviations are defined as:

NQ: Number of Question.

NR: Number of Response.

NU: Number of active Users.

Sp:  Spearman Correlation.

Table 1. Information about subsections of Java forum

Category NQ NR NU Sp
ALL 6465 | 345206 614 0.98
Database Connectivity 367 23456 254 0.77
Development Tools 308 4869 152 1
Java APIs 337 31096 105 0.93
Java Card 415 4145 28 1
Java Desktop 1657 54839 150 0.71

Java Enterprise &

Remote Computing 447 | 40642 | 134 075

Java Essentials 2266 | 157398 264 0.73
Java HotSpot Virtual

Machine 40 8299 51 0.89
Java Security 86 4868 50 0.88
Java FX 484 9689 53 0.80
Other Topics 58 5905 47 0.89

Correlation between scores of our method and scores of
expert users introduced in Cryptography section of
StackExchange online community exceeds was equal to
0.81.

To evaluate the performance of our proposed method,
we compared our method with Indegree technique which
was explained in [20]. Indegree algorithm use non-
weighted network for finding experts. Average of spearman
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correlations for Indegree in Java online community was
calculated equal to 0.78 and in Cryptography section of
StackExchange online community was calculated equal to
0.8 which indicate the validity of our proposed method.

Conclusions and Future Works

In this study, a new hybrid method for expert finding in
online communities is presented. We combined content-
based and network-based approaches to recognize expert
users in an online community. We proposed new method
for constructing weighted social network based on replying
relationships in threads of online community and thread
content analysis between users. The proposed method is
applicable to all online communities and corpus in the field
of online community is needed. This method covers all
forums and does not require any resources such as
WordNet or dictionaries.

Using Java and StackExchange online communities as
test bed, we thoroughly evaluated our proposed method and
results demonstrated the validity of our proposed method so
that correlation between scores of our method and scores of
expert users introduced in these online communities
exceeds 0.8, which is highly an acceptable value.

By finding experts with this method, we can determine
what answers are more reliable and the response time is
reduced. In addition, large volume of information in online
communities can be summarized. Thus, those who seek to
find answers in online communities are not confused with
large volume of information. As a result, this method can
be used in order to better exploit the valuable volume of
information contained in online communities.

In the future, we can consider other network-based
ranking algorithms such as PageRank to ranking users. In
the proposed method, semantic similarity between
keywords is obtained by corpus-based approach. In the
future, other approaches can be used for extracting
semantic similarity, such as network-based or definition-
based approach.
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