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ABSTRACT: Community Question-Answering(CQA) sites
are the major platform where posts are generated by peers
in the form of questions and answers for information seek-
ing in online environments. In general, multiple posts are
created by different users on a particular topic or subject.
Large number of posts raises the difficulties in informa-
tion management of these sites. A number of approaches
are suggested in recent research work for efficient man-
agement of data for CQA sites. Many of the existing ap-
proaches have suggested use of clustering techniques
for managing the CQA sites, but ignored the tagging data
(user tags) of the posts. In this paper, an improved spec-
tral clustering technique is derived based on similarity
measures for text processing (SMTP) and utilized for clus-
tering the posts considering the tagging data available on
CQA sites. A specialized data structure, namely,
folksonomy is developed for clustering using the relation-
ship between tags, posts and users.The proposed method
is developed in two stages. In first stage, the folksonomy
relation is created and post similarity graph is built with
the help of tag frequency-inverse post frequency. In the
second stage, the spectral clustering algorithm is applied
to the post similarity matrix to group the similar posts.
The post clusters are generated as the output of the pro-
posed algorithm where the post information management
can be made with the help of user tags. The experimental
results show that the improvedspectral clustering algo-
rithm outperforms the other considered clustering algo
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1. Introduction

The Internet has become an essential part of the life for
he normal people. Users are using internet to get the
nswers  quickly for queries of different complexity nor-
mally ranging from simple to complex. Community ques-
tion answering (CQA) sitesare designed particularly for
answering the questions asked by the users through the
internet. These sites are getting popular day by day,
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examples of the few such sites are Yahoo Answer1,
StackOverflow2, StackExchange3 and Quora4. In a recent
scenario of the web, CQA sites have attracted the huge
attention to the common people [1-4] because it provides
a good platform for high quality knowledge sharing be-
tween the communities and peers. The high popularity of
CQA sites triggers the massive growth of posts in CQA
sites and thus generates the vast amount of information
and raises the problem of information management of
these sites. To manage the CQA site posts efficiently,
use of clustering techniques is suggested in many exist-
ing works [5], clustering creates the groups of similar
posts for better information management. The posts can
be efficiently managed by applying the clustering as it is
easy to find the duplicate posts from clustered posts and
will reduce the storing space. Clustering will also be help-
ful in CQA sites as clustered posts will speed up the in-
formation retrieval process as clustered posts will reduce
the search space for the query.

Previous work done by researchers are carried on exist-
ing text clustering techniques without knowing the con-
tent of the post and type of the posts. The biggest prob-
lem in such clustering techniques is the lack of consider-
ing the relevant data. In most of the existing works [6]
text pre-processing is applied on the posts of CQA sites
which removes the important information of the posts like
codes, links and short notes. Spectral clustering [7-8]
has proven best for graphs data types and can also be
explored for CQA sites by converting the CQA data to the
relationship (folksonomies) graphs. Spectral clustering is
one of the most popular graph based clustering algorithm
and achieved impressive results in various applications.
Spectral clustering can further be improved by selecting
appropriate similarity technique in comparison to other
existing techniques like cosine or Jaccard. In order to
improve the information management of the CQA sites an
improved spectral clustering is proposed based on
folksonomy and similarity measure for text processing
(SMTP).

The proposed post clustering algorithm is developed in
two major stages. In the first stage, folksonomy relation
is established for CQA sites [9-10] and posts similarity
graph (post similarity matrix) is created with help of de-
composed folksonomy. A folksonomy can be established
as a tuple  for CQA sites, where ‘U’, ‘P’ and
‘T’ denotes a set of users, posts and tags respectively
while ‘Y’ is a triplet relation between users, posts and
tags . This folksonomy is then decomposed
for tags and posts on which tag-frequency inverse post
frequency (TF-IPF) [11] is applied to create post profile
matrix. On the post profile matrix, SMTP is applied to
create the post similarity graph. A ‘similarity measure for
text processing’ (SMTP) is a recent similarity measure-
ment technique for knowledge discovery on text collec-
tion [12-13].In the second stage, spectral clustering is
applied on post similarity graph to group the similar posts.

The performance of the proposed SMTP based spectral.
clustering is compared cosine similarity [14] based spec-
tral clustering (COSC), Jaccard similarity [15] based spec-
tral clustering (JSSC), K-means clustering, mean shift
and DBSCAN on purity, normalized mutual Information,
and rand index[16].

2. Related Work

In this paper, the proposed work is derived using the con-
cepts of folksonomy, spectral clustering and community
question answering sites. Number of works focused on
the problem of post clustering ofthe CQA sites, but none
of them utilized the concept of folksonomy, spectral clus-
tering and similarity techniques as graph construction. In
this section, works related to CQA sites, folksonomy and
spectral clustering are discussed in brief.

Community Question-Answering (CQA) services provided
by Web 2.0 is becoming the popular place for information
seeking and knowledge sharing for users. Pelleg et.al.
[17] have explored the effects of automated quality esti-
mation system by logging live user traffic. Liu et.al.
[18]haveevaluated the effectiveness of model foe ques-
tion routing by identify active knowledge users in com-
parison to others non-CQA features. Tanet.al. [19] have
proposed a model predicting the quality of contributions
in online forms by exploiting variety of signals. Zhanget.al.
[20] have proposed a link prediction model based on la-
tent feature embedding. They considered the prediction
task for each predicate separately for CQA sites. Srba
et.al. [21] have presented a survey different classification
of approaches used in the CQA sites.

Folksonomies are the excellent and efficient model for
information management [22] in the online environment.
The facility of tagging in CQA services has been utilized
by researchers in different area like trend analysis [23],
information retrieval and management [24-25], recommen-
dation systems [26-27] and enhanced browsing and re-
source-annotated navigation [28]. Singh et.al. [29] have
presented a trend analysis method for key programming
languages in CQA sitesby using the concepts of
folksonomy, time series analysis and fuzzy time
series.Mezghaniet.al. [30] haveproposed a model of so-
cial adaptability on the basis of user interests which are
the key elements in the algorithm. Babinec et.al. [31]
havepresented a tag recommendation model based on
text of the question. They used a two-step recommenda-
tion for tag recommendation. Fang et.al. [32] have pre-
sented a method for constructing the visual ontology based
on folksonomy, concept discovery, concept relationship
extraction, and concept hierarchy construction.

Spectral clustering is one of the famous graph clustering
technique that performed impressive in various fields and
applications [7-8]. Lei et.al. [33] have proposed a model
to measure the performance of spectral clustering in com-
munity extraction. They applied the spectral clustering
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on adjacency matrix of the network to find communities.
Wang et. al. [34] have proposed a model that use the
spectral clustering on high dimensional data using non-
negative matrix factorization. Luo et.al. [35] havepresented
a method for spectral clustering based on sparse repre-
sentation to provide a sparse spectral clustering frame-
work of large dataset.

3. Methodology

In CQA sites, users post their opinions and queries with
set of relevant tags. These posts are used to create the
relationbetween users, tags, and posts as folksonomy.
Given a set of users , tags

 and posts , a

folksonomy can be defined as a tuple , where
Y is a ternary relation as . In this work,
folksonomy and SMTP are used to modify the spectral
clustering to group the similar users as shown in the Fig-
ure 1(a).

The SMTP based spectral clustering can group the simi-
lar posts. Thealgorithm is consisting of followingsix steps:-

1. Extract Data: In this step, posts, users and tag are
extracted.

2. Folksonomy Establishment and Decomposition: In
this step folksonomy relation is created between users,
posts and tags and to reduce the processing time of clus-
tering, a simpler tag-post representation is extracted from
folksonomy. This extraction is known as decomposition
and is important step because applying graph clustering
method on the full folksonomy is very hard.  In decompo-
sition, focus is on the generating relationship between
posts and tags as shown in the Figure 1(b).

3. Post Profile Creation: Post profile in CQA site repre-
sents the tagging information of the posts. It is crated
after decomposition of the folksonomy by applying TF-
IPF.

4. Post Similarity Graph: A post similarity graph is gen-
erated by applying SMTP over post profile matrix.

5. Graph Clustering: In this work, spectral clustering is
used as graph clustering method and applied on post simi-
larity graph to group the similar posts of the CQA sites.

6. Performance Measurement: Measuring the perfor-
mance of the proposed algorithm is carried in the last
step.

The methodology of the proposed algorithm is shown in
the Figure 2.

2.1 Post Profile Creation
In this work post profile of a post profile is created with

(a)

(b)

Figure 1 (a). Folksonomy relation between users, tags, and
posts in CQA sites. (b) Decomposed folksonomy

the help of tagging information of the posts. Suppose a
set of tags  is assigned to a post and tag impor-
tance are , so post profile will be represented
as given in the Equation (1).

The user profile for CQA site will denoted as shown in the
Equation (2).

                    (2)

Where each entry of matrix show the tag importance of
the post. The importance α can be calculated with Tag
Frequency-Inverse Post Frequency (TF-IPF).

2.1.1 Tag frequency-Inverse Post Frequency
The concept of tag frequency-inverse post frequency (TF-
IPF) is derived from concept of TF-IDF. TF-IPF is a

(1)
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Figure 2. Methodology for clustering the CQA site posts

method that indicates the importance of tag for the post.
TF-IPF can be obtained by multiplying TF and IPF for tag
t i for a post p j in a collection of posts P as given in the
Equation (3).

 (3)

where  can be calculated as shown in the Equation

(4) and  can be calculated as shown in the Equation
(5)

(4)

(5)

The post profile matrix is helpful for creating the post simi-
larity graph (post similarity matrix).

2.2 Post Similarity Graph
CQA site can be presented as a graph where nodes de-
note the posts and edges denotes the similarity between
posts. Given a posts  and post similar-
ity  between two posts pi and pj, a post similarity graph
can be denoted as G = (P, E). Two vertices are connected
if the post similarity between the corresponding post is
positive and larger than a certain threshold.

The post similarity graph is presented by a similarity matrix
S|P| as given in the Equation (6). The post similarity graph
is used to cluster the posts by applying the graph cluster-
ing technique (spectral clustering).

    (6)

Where the similarity between two posts can be calcu-
lated using Similarity measure for text processing (SMTP).

2.2.1. Similarity Measure for Text Processing (SMTP)
With a large number of posts in the CQA sites, there is
an increasing need to retrieve the best relevant informa-
tion from the text. In text similarity measures, one of the
newest text similarity technique is similarity measure for
text processing (SMTP) [12-13]. SMTP covers three
cases. The first case covers the presence of a tag in both
posts, the second case covers the presence of a tag in
only one post and third case covers the absence of tag in
both posts.

Suppose two post vectors are  and

 so the similarity will be Sij cal-
culated as shown in the Equation (7) [12-13].

(7)

where the function  is calculated as given in the Equa-
tion (8)[12-13].

                  (8)

where  can be calculated by the Equation (9)

[12-13] and  can be calculated using Equation
(10)[12-13]

      (9)
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where is the standard deviation of all the non-zero val-
ues for the tag .

(10)

Values of  are taken as 1 or n (number of tags) or
AT(Average length of training tags) [36].

Figure  3. Pseudo-code of the proposed algorithm

2.3 Spectral Clustering
Spectral clustering is a popular graph clustering technique
because of simple implementation and performance. In
this work a SMTP based similarity matrix (Sij) is provided
to spectral clustering. In spectral clustering spectrums
are represented as eigen values and eigen vectors of the
graph Laplacian matrix (L = D-Sij).Where D represents the
degree matrix of Sij. In this work, normalized versions of
the graph Laplacianis used as shown in the Equation (11).

(11)

where Lsym follows the property of symmetry and close
connection for the random walk process.

4. Proposed Algorithm for User Ranking in CQA sites

Based on the proposed methodology, an improved SMTP
based spectral clustering is developed for cluster the posts
of the CQA site. The pseudo code of theproposed
algorithmis presented in the Figure 3. The algorithm fol-
lows the six major steps.

1. Extract Data: In this step, posts, users and tag are
extractedfrom the CQA site.
2. Folksonomy Establishment and Decomposition: In
this step, folksonomy relation betweenusers, posts and
tags are established. Folksonomy decomposition is also
carried in this step. In folksonomy decomposition, rela-
tion between posts and tags are extracted from
folksonomy.
3. Post Profile Creation: In this step post profile are cre-
ated from decomposed folksonomy containing the tag-
ging information of the posts.
4. Post Similarity Graph:In this step, post similarity ma-
trix is created from post profile with the help of SMTP.
5. Graph Clustering: In this step, spectral clusteringis
applied on post similarity graph to cluster the similar
posts.
6. Performance Measurement: In this step, the proposed
algorithm is compared to other existing clustering algo-
rithms on three measures namely, rand index, purity and
mutual information.

5. Experiments

5.1 Research Data
In order to demonstrate the performance of SMTP based
spectral clustering algorithm, experiments are performed
on the two popular CQA sites data, namely, StackOverflow
and StackExchange. In this experiment the StackOverflow
data are selected from August 2008 to May 2012 and
StackExchange data are selected from August 2010 to
August 2015. The experiments are carried using a python
script and PostgreSQL is used for storing all the processed
data at a single place for knowledge analysis.

5.2 Results and Discussions
In this section, the results and performance of the pro-
posed algorithm is presented. In this work, the perfor-
mance of the cluster generation of the proposed algo-
rithm is also performed compared with cosine similarity
based spectral clustering (COSC), Jaccard similarity based
spectral clustering (JSSC),K-means clustering, mean shift
and DBSCAN on purity, normalized mutual Information,
and rand index. In general CQA sites does not provide the
clustered posts but similar posts tend to have same set
of tags or same topics. So in this work clustering results
are compared with the results proposed by Meng et.al.
[37].The performance of the clustering algorithms is dem-
onstrated on 30,000 randomly selected posts and repeated
for 10 times. The final results are obtained by aggregating
repeated experiments.

The results are firstly analyzed and compared with other
considered algorithm on the Purity parameter. The purity
of the clusters indicate the percentage of correctly clus-
tered posts. The comparison of clustering algorithms for
StackOverflow and StackExchangeis shown in the Fig-
ure 4(a) and Figure 4(b) respectively. It is clearly observed
that SMTP based spectral clustering (proposed algorithm)
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out performs the cosine based spectral clustering (COSC),
Jaccard similarity based spectral clustering (JSSC), K-
means clustering, Mean shift and DBSCAN. COSC is
second best clustering algorithm in proposed scenario
while JSSC is the third best performing algorithm. It is
also observed that the result of purity is best for 30 clus-
ters. It is also noticed that the purity of DBSCAN and K-
means is not good because these algorithms do not per-
form well in graph clustering.

Figure 4. Cluster analysis using the parameter purity over (a)
StackOverflow and (b) StackExchange Dataset

Second parameter for analyzing and comparing the clus-
ters is Normalized Mutual Information (NMI). NMIof the
clusters indicates normalized arithmetic mean of the maxi-
mum possible entropy between actual cluster and pre-
dicted cluster. The result of the NMI for StackOverflow
and StackExchangeis shown in the Figure 5(a) and Fig-
ure 5(b). The experimental results indicate that presented
approachis outperforming the COSC, JSSC, K-means
clustering, Mean shift and DBSCAN algorithms while
DBSCAN is least performing algorithm. In the experiments
the results of NMI is best for 30 number of clusters.

Figure 5. Cluster analysis using the parameter NMI over (a)
StackOverflow and (b) StackExchange Dataset

The third parameter for the cluster analysis and compari-
son is Rand Index (RI). RI calculates the similarity be-
tween two clusters. The result for StackOverflow and
StackExchange is shown in the Figure 6(a) and Figure
6(b) for parameter RI. The experimental results of RI indi-
cates that proposed technique is performing well in the
comparison COSC, JSSC, K-means clustering, Mean shift
and DBSCAN algorithms. In the experiments the results
of RI is best for 30 number of clusters.

6. Implication of The Work

There are numerous applications of the proposed work.
Three important applications of the presented work are
explained in this section. Applications namely, efficient
pre-processing, faster information retrieval and faster find-
ing the duplicate posts are explained in this section. The
applications are demonstrated using 30000 randomly se-
lected posts from StackOverflow CQA site.
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Figure 6. Cluster analysis using the parameter RI over (a)
StackOverflow and (b) StackExchange Dataset

1. Efficient Pre-Processing of CQA Sites: Pre-process-
ing is the first step in pattern discovery for any dataset
and is also applicable for the CQA sites. The proposed
work can be utilized for efficient pre-processing of CQA
sites. For example, one of the data pre-processing task
is data reduction where the original data is transformed
into the reduced (minimized) size data for knowledge dis-
covery. The proposed algorithm will be helpful in data

Table 1. Comparison in execution time between clustered posts (By proposed algorithm) and non-clustered posts

reduction by filtering the un-appropriate posts from the
CQA sites. Singular value decomposition (SVD) is se-
lected as data reduction technique to demonstrate the
impact of the presented work. SVD is one of the data
reduction technique used in pre-processing of the textual
datasets. For demonstrating the impact of the proposed
work SVD is applied on the actual (original) CQA dataset
and then it is also applied on the clusters generated from
the proposed approach. The execution time for data re-
duction for both of the cases is tabulated in the Table
1.The result of the experiments indicates that reduced
number of relevant posts (after SVD data reduction) can
be generated quickly using proposed approach as com-
pared to the directly applying the SVD on the original
CQA dataset.

2. Faster Information Retrieval from CQA Sites: Infor-
mation retrieval is one of the primary function in any CQA
site. It can be improved using the proposed algorithm. To
demonstrate the effect of proposed algorithm for informa-
tion retrieval in CQA sites, the queries are executed like
posts having word ‘java’ and results are demonstrated in
the Table 1. The results clearly indicates the distinction
between clustered posts and non-clustered posts in terms
of execution time. The execution time is faster in clus-
tered posts because finding the row from clustered of posts
is easier than the non-clustered posts. The execution time
in clustered posts includes finding the suitable cluster
and finding the posts from clusters.

3. Faster Finding of the Duplicate Posts: Third appli-
cation of the proposed work is finding the duplicate posts
quickly in a CQA site. To demonstrate this, the similarity
between posts are calculated with the help of cosine simi-
larity and the results are tabulated in the Table 1. Detec-
tion of duplicate posts from clustered posts is faster in
comparison to non-clustered posts because the number
of iteration in clustered posts are very less n clustered
posts are less as clusters only contains small amount of
posts in comparison to non-clustered posts. For example
if we have 30000 non-clustered posts and clustered posts
(30 clusters including approximately 1000 posts in each
cluster) so 449985000 iteration will be required to calcu-
late the similarity in non-clustered posts while only
14985000 iterations will be required to calculate the simi-
larity between clustered posts.
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7. Threats to Validity

In this work, the results are aggregated by for number of
iterations, but still there are some factors that affect the
claimed results such as randomness, wrong tagging and
semantic tags.

I. Randomness: In this work, the posts are selected ran-
domly without and biasing. But in some cases biasing
can occur. Considered dataset is larger, so random sam-
pling can represent skewed selection. So results can vary
for each iteration depending on randomly selected posts.

II. Wrong tagging and Semantic Tags: Clustering is
applied in this work on post similarity graph in which simi-
larity is calculated by the tags of the post. In the CQA
sites, sometime users assign the wrong tags or non-sig-
nificant tags to posts by mistake or due to lack of the
knowledge. If this condition increase than the performance
of the proposed algorithm will decrease. Similarly seman-
tic tags can also affect the working of the clustering pro-
cess.

8. Conclusion and Future Scope

Information management of the CQA sites is a major task
in current booming era of Web 2.0. In this work, an im-
proved spectral clustering algorithm is proposed for effi-
cient information management of the CQA site posts. This
work was motivated by importance of the taxonomy of
the CQA sites which helps to build concept of folksonomy
as information management tool. Tag based folksonomy
is also decomposed to extract the relationship between
tags and posts for utilizing the post based information for
creating the post profilematrix with the help of Tag-Fre-
quency Inverse Post Frequency. The post profile matrix
is then used to create the post similarity graph with the
help of similarity measure for text processing (SMTP) on
which the spectral clustering is applied to group the simi-
lar posts. In this work, extensive experiments have per-
formed to test the performance of the proposed algorithm.
The comparison of proposed (SMTP based spectral
clustering)is also carried in this this work with cosine simi-
larity based spectral clustering (COSC), Jaccard similar-
ity based spectral clustering (JSSC), K-means cluster-
ing, mean shift and DBSCAN on purity, normalized mu-
tual Information, and rand index.The experimental results
a clear show a difference between performance of the pro-
posed SMTP based spectral clustering and other consid-
ered algorithms. The performance of the presented algo-
rithm demonstrates the importance of folksonomy,SMTP
and spectral clustering for grouping the similar posts of
the CQA sites. Three applications of the proposed algo-
rithm are also demonstrated in this paper. Future direc-
tions for the proposed work can be topical folksonomy
generation and exploration of other graph based cluster-
ing techniques for enhancing the management of CQA
sites.
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