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Abstract
Document Clustering is a process of combining the data into k groups based on similarity. In the literature, many 
document clustering methods cluster documents based on their similarity.   There is a need for a comprehensive 
survey where we discuss the details of existing clustering methods. This survey paper discussed existing document 
clustering methods, such as k means and other hybrid and meta-heuristic-based clustering methods. The existing 
literature suggests a hybrid and meta-heuristic-based method enhanced the performance of document clustering. 
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Introduction
Clustering categorizes a population N data point into K subgroups 
so that data points in one group are more similar to those in other 
groups. The higher the resemblance inside a group and the more 
significant the variance between groups, the better or more defi-
nite the clustering. It is a method that converts vast amounts of 
data into understandable information. With reduced data dimen-
sions, we efficiently minimize the time a computer takes to collect 
the requested information. Clustering is an unsupervised learning 
approach with no class labels [1]. The primary advantage of un-
supervised learning is solving problems that humans may find im-
possible due to limited capacity or a lack of equality.

The fundamental goal of clustering is dividing data into reason-
able groupings based on similarity. Clustering helps to define the 
internal structure of data and is also useful for exploring data [2]. 
Clustering methods can be applied to detect anomalous behaviour, 
such as segmenting customers on their buying patterns and reduc-
ing large datasets into a smaller number of related categories.

Clustering is evaluated using intra-cluster and inter-cluster dis-
tance. Intra-cluster distance is the distance between data points 
within a cluster. This distance should be small if there is good 

clustering. Data points in different clusters are separated by in-
ter-cluster distance. The inter-class distance should be large if 
there is good clustering [3]. Clustering methods are classified 
into two major categories, Hierarchical and Partitional cluster-
ing. There are a variety of subtypes and algorithms for identify-
ing clusters within each type [4]. This study discussed the details 
of the existing document clustering method.  

Existing Methods for Document Clustering
K-means algorithm is heuristic and capable of finding clusters in 
polynomial time. But optimal or best clusters are not guaranteed 
due to their inherent drawbacks. 

By improving the initial cluster center, Caiquan, X. et al. [5] 
suggested an improved K-means text clustering algorithm. This 
algorithm major goal is to identify the first cluster centers based 
on the density parameters of dataset, ensuring that the initial 
cluster centers are consistent. This approach helps to improve 
text clustering results by removing the sensitivity of K-means 
algorithm to the initial cluster center. Experiments are conducted 
on five different categories of Chinese corpus data (politics, art, 
economics, sports, and environment). Two measures are used to 
determine the efficiency of the clustering method: accuracy and 
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recall. Experiment findings indicate that the improved K-means 
method can enhance text clustering stability and accuracy. The 
suggested approach takes a long time to execute and has a great-
er time complexity than the k-mean algorithm because calculat-
ing the distance between all data points is required to find the 
initial cluster center. The problem of determining the value of k 
has not been solved.

For effective initial seed selection, Kumar, K. et al. proposed 
RDBI (Robust Density-Based Initialization) approach for im-
proving K-means filtering algorithm [6-10]. Using this approach 
the seed points are found in dense portions of the dataset, which 

are recognized by representing the data in kd-tree. Experiments 
are executed on a variety of synthetic and real data sets (Image 
Segmentation, Pen Digits, Letter Recognition, Shuttle, and Pok-
er Hand) from the UCI Machine Learning Repository. This ap-
proach can handle large datasets because the complexity of the 
algorithm is linearly proportional to a number of features. With 
this new technique, K-means filtering method is improved for 
high-dimensional data and clusters of undifferentiated centers. 
The average distance computation and running time are used 
to examine a method's performance. The pre-identification of 
k-values in the k-mean method is not addressed [11-14].

Table 1: Literature reviews about initial centroids selection
R.No Author/ 

Date
Problem Focus 
area and Method-

ology

Dataset E v a l u a t i o n 
Measure

Results strength Limitations

[5] Caiquan 
X et.al 

2016

Improved K-means 
for initial cluster 
center optimization

Political, Art, Econ-
omy, Sport and 

En-vironment

Precision and 
recall

According to the reviewed 
literature, improved 
K-means method can 
en-hance text clustering 

sta-bility and accuracy

K-value de-ter-
mination is 
not being ad-

dressed.

[6] Kumar, 
K. et al 

2017

Robust Densi-
ty-Based Initiali-
za-tion approach for 

K-mean filtering 

Image Seg-men-
tation, Pen Digits, 
Letter Recog-ni-
tion, Shut-tle, and 

Poker Hand

Average dis-
tance compu-
ta-tion and run-

ning time

With this new technique, 
K-means filtering method 
is improved for clusters 
of undifferentiated centers 
and high-dimensional data

Pre-identifica-
tion of k-value 
in is not ad-

dressed

[7] Lakshmi, 
R et.al 

2019

DIC-DOC      k-means 
algorithm

Webkb and Reuters 
8

Entropy, purity, 
and F-measure

Proposed approach DIC-
DOC k-means algorithm 

performs better

Identifica-tion 
of k-values is 
not addressed

[8] Rajini
kanth, T

et.al 2017

Algorithm based on 
k-means and fuzzy 
similarity mea-
sures for document 

clus-tering

Reuters 8 Silhouette score Proposed parameter 
(Gaussian membership) 
improves the performance 
of standard k-means 

clus-tering

The number 
of clusters k is 
done by user 

manual-ly

Above table 2 shows a number of challenges in literature which 
are as follows: 
•	 Traditional clustering algorithms perform clustering in full 

dimension space, thus their performance degrades with 
the increase in dimensions. This problem is termed as the 
“curse of dimensionality”. 

•	 Distance measure loses its significance as there is inherent 
sparsity in data space. The Euclidean distance between far-
thest point and closest point decreases with an increase in 
dimensions. 

•	 With increase in dimensions, number of clusters grows ex-
ponentially. Finding optimal clusters in high dimensional 
data is NP-hard problem. 

•	 All dimensions may not be important for all clusters. Clus-
ters may exist in various subsets of dimensions i.e. subspac-
es. Hence finding clusters in different subspaces of high di-
mensional data is a challenging problem. 

Table 2: Literature review of hybridization of algorithms
.N Q A u t h o r /

Date
Problem Focus 
area and Meth-

odology

Dataset E v a l u a t i o n 
Measure

Results strength Limitations

9 C h o u h a n 
R. et al

Combined PSO 
and K-means

BBC Sports, 
FOX, BBC, and 

CNN

Cohesion, entro-
py, and separa-

tion

According to the reviewed 
literature, the proposed ap-
proach outperforms that the 

traditional K-means

Determining the 
number of clusters re-

mains a challenge

10 Lakshmi , 
K. et al

Crow Search 
Algorithm with 

K-means

Glass, Breast 
Cancer, CMC, 
Iris, Wine, and 
Haberman's Sur-

vival

Purity, Rand 
Index, Recall, 
F-Measure Pre-

cision

The CSAK method outper-
forms than the K-means, 
K-means++, Genetic 
K-means, and PSOK-
means algorithms in test 

experiments

There is a need to 
automatically decide 
the number of clus-

ters
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11 Yogesh G. 
et al

Enhanced fuzzy 
PSO-based clus-
tering method 
with K-harmon-
ic means (EF-
PSOKHM) for 

clustering

Numeric (Can-
cer, Iris, Wine, 
CMC, Glass) 
and text data-
sets (CACM and 

CISI)

F-measure, In-
ter-cluster dis-
tance Fitness 
value Intra-clus-
ter distance, 

Runtime

The proposed approach 
(EFPSOKHM) is more 
stable and produces more 
consistent results than oth-
er evolutionary-based clus-

tering algorithms

K-value identifica-
tion is not handling. 
The suggested meth-
od takes longer to run 
than standard clus-
tering methods like 

K-means
12 Abualigah 

LM et al
Hybrid KH 
(Krill herd) al-
gorithm named 

(MHKHA)

Nine text stan-
dard datasets

C o n v e rg e n c e 
behavior, ac-
curacy, recall, 
precision, and 

F-measure

The MHKHA produced the 
best results for all datasets

Determining the 
number of clusters 
remains a challenge, 
require the number of 
clusters to be prede-

termined
13 Y o n g 

Wang et al
Hybrid approach 
based on Hybrid 
Rice Optimiza-
tion algorithm 
and k-means for 
cluster centers

Wine, Seeds, 
and Iris

Running time The presented algorithm 
saves running time while 
increasing algorithm effi-

ciency

The pre-determina-
tion of k-value is not 

addressed

14 Thangara-
su M et al

Hybrid algo-
rithm namely 
DPPSOK which 
is based on PSO, 

k-means

http://trec.nist.
gov

Normalized Eu-
clidian distance

DPPSOK performs better 
than traditional k-means 

and PSOK algorithms

The k-value identi-
fication issue is not 

resolved

The studies mentioned in Table 2 prove the suitability of na-
ture-inspired algorithms (NIA) with heuristic algorithms for find-
ing near-optimal solutions for hard problems. These algorithms 
have gained immense popularity to solve complex optimization 
problems where an actual solution does not exist. Due to their 
immense usefulness, large number of nature-inspired algorithms 
have been developed and classified into various categories.

Conclusion
This review highlights the significant advancements in document 
clustering methods, particularly the effectiveness of hybrid and 
meta-heuristic approaches in addressing complex optimization 
problems. The discussed algorithms show promise in improving 
clustering accuracy and stability. However, challenges such as the 
determination of the number of clusters and handling high002D-
dimensional data persist, necessitating further research and devel-
opment in this area.
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