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Abstract 
One of the major challenges for software community is to find source code 
quality matrices while using Object Oriented Paradigm. With advancements 
in Machine Learning and Natural Language Processing (NLP) it is now 
possible to evaluate code using unstructured data analysis. Many tries have 
been made to capture this important software quality attribute using 
traditional structured analysis methods. This research study aims to 
investigate unstructured data analysis could be performed for calculation of 
cohesion in source code classes. In this study, we designed an experiment to 
evaluate cohesion score results of two datasets of source code corpus. 
Furthermore, unstructured way of measuring high cohesion in source code 
classes is presented using semantic analysis of class names with method names 
and class description with methods descriptions. The results gathered through 
performing experiments yielded that unstructured data analysis technique can 
be applied for finding cohesion of classes. In this study we calculate LCOM 
for each class present in obtained datasets. By comparing the experiment 
result with LCOM we get following results. The study compares the results of 
cohesion score obtained from this technique with traditional LCOM score of 
source code classes. It is common practice in software industry to follow 
naming conventions of classes and writing proper description of classes and 
methods, unstructured data analysis can be effectively applied for calculating 
the cohesion score of classes. 
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Introduction 
Basic units of object-oriented software are classes. 
Quality of software design is quality of classes 
design. Automated code analysis is widely used 
for object-oriented software testing. Improving 
code quality always remained the focus in 
software development lifecycle [1]. Class cohesion 
is described as how much a class follows a tight 
relationship within its elements’ implementation. 
High cohesion is a critical quality assurance 
measure in object-oriented software [2]. Low 
cohesive class consists of unrelated methods with 
respect to purpose and relatedness. Finding class 
cohesion and improving it is the main focus of 

modern software design [3]. Trivial static code 
analysis techniques generate false alarms. With 
improvements in machine learning, it is now 
possible to generate different levels of warnings 
for the same software code using different trained 
ML models [4]. Class cohesion is one of the 
important attributes of class quality [5]. Despite 
being an important software quality measure, very 
few studies have been conducted focusing on 
high cohesion using an unstructured data analysis 
approach. LCOM stands for Lack of Cohesion of 
Methods in software engineering. LCOM is a 
metric that assesses how closely linked methods 
are to one another within a class or module. It 
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helps determine the degree of design complexity 
and quality in software systems [6]. 
LCOM determines lack in ability of a class in 
accessing instance variables within its methods 
implementation [7]. In other words, it evaluates 
the relationship between methods within a class 
and determines whether or not they exchange 
data. The coherence decreases as LCOM 
increases, suggesting that the class may be harder 
to comprehend and modify as well as less 
maintainable [8]. 
Code quality is always a challenge in software 
community. It consists of software quality 
attributes. Improving the quality attributes is 
focus during software development life cycle [9]. 
In object-oriented software design Cohesion is 
always ranked important. Class cohesion is 
relatedness in purpose and implementation of 
class elements [10]. 
High cohesion is one of the most desirable 
quality attributes in class design. Automatically 
identifying it through quality inspection tools 
remains a challenge in modern software 
development [11]. Reference [12] presented a 
systematic literature review, SLR, of JavaScript 
malware detection methodologies using the latest 
machine learning techniques and concluded that 
machine learning is actively applied in recent 
detection research. 
There are many class and method structure-based 
approaches to calculate the cohesion score of a 
class. However, fewer unstructured data analysis 
approaches exist for determining the cohesion 
score. To date, there is no comprehensive study 
that uses the latest advancements in machine 
learning and natural language processing to 
calculate the cohesion level of a class. 
In this study, we propose unstructured data 
analysis approaches to determine class cohesion 
and evaluate the proposed technique by 
comparing it with the LCOM score, a metrics 
based approach. 
In industry level software projects, LCOM is 
considered to represent a lack of knowledge of 
abstraction in software architecture. Therefore, it 
generates less accurate cohesion scores in classes 
where abstraction is required. There is a need to 
conduct a study that calculates cohesion of classes 

without neglecting abstraction. In other words, in 
this study, a technique for calculating cohesion is 
designed that should perform well across all 
scenarios of class implementation. 
 
Related Work 
Quality assurance of object-oriented software 
source code depends on how cohesive the classes 
are. Cohesion is defined as the degree of 
relevance among all operations a class performs 
[13]. For best object-oriented programming 
practices and static analysis of Java code, cohesion 
stands at the top of common quality metrics [3]. 
Huawei Technologies Co. Ltd. developed the 
JPeek tool for static code analysis, with a focus on 
cohesion of Java source code, to achieve higher 
quality code. 
The software community has proposed various 
metrics over several years to calculate how 
connected or related the intra-class elements are. 
Generally, they are not best applied in industrial 
programming practices. The study is focused on 
formulating a process for the utilization of 
cohesion metrics in code analysis. Results of this 
study will enable users to analyze their projects in 
an appropriate manner. High cohesion is the 
most commonly desired quality attribute in class 
design. Finding it automatically through quality 
inspection tools is also a challenge faced in 
modern software development. 
Reference [12] presented a systematic literature 
review for JavaScript malware detection 
methodologies using the latest machine learning 
techniques and concluded that machine learning 
is actively used for detection techniques in recent 
research. There exist many class and method 
structure-based approaches to calculate the 
cohesion score of a class. There also exist fewer 
unstructured data analysis approaches to find the 
cohesion score. Still, there is no comprehensive 
study that uses the latest advancements of 
machine learning and natural language 
processing to calculate the cohesion level of any 
class. 
JPeek currently does not have a multi concept 
approach for estimating code quality. For 
example, the C3 class cohesion metric bases its 
estimation of code quality on comment quality. It 
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would be possible to increase the number of 
correctly estimated classes by combining current 
metrics with class cohesion metrics. RFC 
implementation may also be beneficial. 
Regardless of coding skill level, this approach 
may result in over complication. 
This empirical study in [5] employed the metric 
on classes of two open source Java applications 
with and without considering transitive relations 
and statistically analyzed the outcomes. Using 
both direct and transitive relations in LCOM 
computation improves the ability of LCOM to 
indicate class quality, according to the empirical 
study's findings. 
Another study [14] used a method operations 
based approach for finding class cohesion. They 
used read and write operations of methods 
performed on class identifiers. 
The study presented two latest metrics for finding 
cohesion within classes. The metrics are focused 
on the sizes of connected methods taken as 
strength of connection. The metrics were 
analyzed on the basis of an empirical framework. 
A normalized distance approach for calculating 
average cohesion in procedures within classes was 
presented in study [15]. A direct attribute type 
matrix was used. Number of methods and 
number of isolated attribute types in a class are 
the cross products that make up the matrix. 
The objective of this study is to present a high 
level design (HLD) class cohesion metric that can 
be used to automatically assess design quality at 
early development stages using UML diagrams 
and reasonable assumptions. In study [16], 
Counsell and Swift proposed a normalized 
Hamming distance approach using parameter 
occurrence vectors. The approach constructed a 
matrix of methods in rows and parameter types 
in columns. The relationship between methods 
and parameter types defines class cohesion. 
Another metric based approach was presented by 
Wasiq by defining the connection between 
methods using certain criteria. The approach 
calculates cohesion by evaluating similarity in 
invocation of methods from different classes [17]. 
Study [18] conducted a literature review of ML 
based techniques used for software fault 
prediction, which helps in selecting ML 

techniques for finding cohesion using 
unstructured data analysis. The following graph 
shows the number of techniques used in studies. 
Study [19] stated research limitations and future 
development directions while evaluating quality 
attributes focused on cohesion. Users may be able 
to modify parameter weights in the future 
through further studies. Since some classes, such 
as abstract classes or interfaces, are inherently less 
cohesive, the validity of quality assessment results 
may be compromised. The prototype information 
is currently text based, but with further research, 
it may be possible to display information on 
UML diagrams. 
In study [20], Bieman and Kang presented an 
approach for finding class cohesion by evaluating 
connections of methods with other classes. They 
calculated cohesion using the number of direct 
and indirect connections. 
This analysis of literature shows that most 
existing approaches for finding cohesion in 
classes are structural. However, there is very 
limited literature on finding class cohesion using 
unstructured data analysis. 
According to the literature review, there is no 
generalized approach to find cohesion using 
unstructured data analysis. In our study, we will 
use advanced unstructured data analysis 
techniques such as natural language processing 
(NLP). Furthermore, traditional static code 
analysis approaches generate false positives due to 
their specific variable and method connection 
based implementation. In our study, by using 
semantic similarity models, we will obtain 
generalized code cohesion results that should also 
perform well on abstract classes. 
 
System Model 
The aim of this research is to develop a 
generalized technique using unstructured data 
analysis to find cohesion in object-oriented 
software code. According to the empirical 
findings presented above, the extended LCOM 
metric, which considers transitive relations, 
predicts error prone classes more accurately than 
the original LCOM metric, which only considers 
direct relations. This technique focuses on 
developing a cohesion detection approach to 
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overcome the limitations of metrics-based 
techniques such as LCOM. 
The proposed technique is developed using 
semantic analysis between class names, method 
names, class descriptions, and method 
descriptions to achieve accurate cohesion results 
for source code classes while evaluating the 
quality attribute of cohesion. 
• Users may be able to modify 
the parameter weights in the future through 
studies that go further. 
• Because some classes, like 
abstract classes or interfaces, are inherently 
less cohesive, the validity of the result of the 
quality assessment may be compromised. 
• The prototype's information 
is currently text-based, but with more 
research, it might eventually be possible to 
display the information on a UML diagram. 
 
The research process and its diagrammatic 
representation are as follows: 
• Literature Survey 
• Research Question 
• Dataset Collection 
• Implementation 
• Evaluation 

• Conclusion 
Experiment will be used for evaluation of the 
proposed technique. First, the dataset will be 
collected, and then the required data will be 
obtained by implementing parsing techniques. 
This data will be further tested using semantic 
analysis techniques based on natural language 
processing. After processing the data to obtain 
semantic similarity scores, the same data will be 
used to calculate the LCOM score. The results 
produced by the proposed technique will be 
compared with the LCOM score. Finally, future 
improvements to the technique will be discussed. 
The expected outcome is techniques to 
determine class cohesion using unstructured data 
analysis, which will help the software quality 
industry, obtain generalized and adaptive results.  
 
Experimental Setup 
This study employed a quasi-experimental design 
to evaluate the results of cohesion gathered by 
unstructured data analysis technique. Multiple 
open source repositories were selected as the 
experimental group. Comparison with LCOM is 
made by calculating the LCOM value from the 
same projects.  Following Figure 1 shows the 
experiment design for our study. 

 

 
Figure 1 Experimental Design 

 
For the first dataset, top active GitHub projects 
were selected. Based on the number of watchers 

and forks of each project from the GitHub 
Archive, the projects were shortlisted for this 
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study. We limited our study for only top 20 
projects with criteria of having at least 500 
commits and 50 collaborators. Furthermore, we 
exclude the projects where domain of project was 
duplicating with existing selected project. 
Selected projects and their descriptions are 
shown in following table 1: 
 
Through this procedure, a mature, active, and 

diverse corpus of source code developed by large 
development teams is obtained as the first 
dataset. The second dataset is a laboratory 
manual code written in C#. The laboratory 
manual code contains 15 design pattern 
implementations. The following table 2 shows 
the list of design pattern codes used as the second 
dataset. 

 
Table 1 Github Projects 
Sr.# Name Description 

1 ElasticSearch RESTSearch Engine 

2 Android-Universal-Image- 
Loader 

Android Library 

3 Spring-Framework Application Framework 

4 Libgdx GameDev Framework 

5 Storm DistributedComputation 

6 Zxing BarcodeImageProcessing 

7 Netty NetworkApp Framework 

8 Platform_frameworks_base AndroidBase Framework 

9 BigBlueButton Web Conferencing 

10 Junit Testing Framework 

11 Rxjava ReactiveJVMextension 

12 Retrofit REST Client 

13 Clojure ProgrammingLanguage 

14 Dropwizard RESTfulwebserver 

15 OKHttp HTTP+SDPY client 

16 Presto DistributedSQLEngine 

17 Metrics Metrics Framework 

18 Spring-boot AppFramework Wrapper 

19 Bukkit MincraftModAPI 

20 Nokgiri HTML/XML/CSSparser 
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Table 2 Lab manual code 
Sr.# DesignPattern 

1 Adapter 

2 Composite 

3 Decorator 

4 Façade 

5 FactoryMethod 

6 FlyWeight 

7 Iterator 

8 Momento 

9 Observer 

10 Proxy 

11 Singleton 

12 State 

13 Strategy 

14 Template 

15 Visitor 

 
Preprocessing 
First, we generate an XML file for each class code. 
To obtain the required data for calculating the 
metrics based approach and performing 
unstructured data analysis, the source code needs 
to be translated into a form from which we can 
extract class variables, class properties, class 
methods, class names, method names, class 
description comments, and method description 

comments. 
The SrcML library is used in our technique for 
this purpose. It supports code translation for 
many programming languages, including C# and 
Java. The library supports both datasets used in 
this study, which are written in Java and C# 
syntax. 
The basic flow of preprocessing is shown in the 
following Figure 2. 
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Figure 2 Preprocessing 
 
 
XML for LCOM calculation 
Once XML file is generated, application 
parse the XML file to get class name, class 
variables, class properties, methods’ names 
and methods’ bodies. After extracting the 
data, we calculate LCOM with following 
formula 
LCOM = 1 − (a / n), where 
a = sum of the count of occurrences of a 

variable in methods 
n = l × j, where 
l = number of methods 
j = number of variables or properties 
Finally, we write LCOM results in a file for 
future comparison with unstructured data 
analysis technique.  Basic flow of LCOM 
calculation is shown in following Figure 3; 
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Figure 3 LCOM calculation 
 
Data analysis for finding cohesion 
From same XML file our preprocessor engine 
extracts class names, class descriptions, 
method names and method descriptions. 

After extraction this data is saved into a text 
file for future processing. Basic flow for this 
step is shown in following Figure 4; 
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Figure 4 XML Parsing 

 

 
Figure 5 Similarity Score Calculation 
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Calculation of Similarities Score 
From the text file generated, class names, 
class descriptions, method names, and 
method descriptions are gathered. It was 
observed that calculating similarity scores 
without extracting nouns from class and 
method names did not yield the expected 
results. Therefore, nouns were extracted from 
class names and method names. Similar 
results were observed for descriptions as well, 
so nouns were also extracted from class 
descriptions and method descriptions. 
Nouns are collected from class names and 
method names. For each noun in the class 

name, its similarity score is calculated with 
nouns from method names. Similarly, for 
each noun in the class description, its 
similarity score is calculated with nouns from 
method descriptions. 
At the end we calculated four output 
parameters for each class to analyze our 
results in terms of cohesion of class. 
• Average Similarity score of class and 
method names 
• Average Similarity score of class and 
method description Basic Flow of this step is 
shown in figure 5 below.  

 

 
Figure 4 Technique overview 

 

The combine flow chart of all phases of our 
research technique is given in Figure 6. Our 
technique calculates similarity scores using a 
method called cosine similarity. The similarity 
score is calculated based on the similarity 
between the vectors of two input texts. To do 

this, we first convert the input texts into their 
respective vectors using a pretrained word 
embedding model. Then, we calculate the cosine 
similarity between the vectors, which measures 
the similarity of vector directions in a high 
dimensional space. 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com               | Ashraf et al., 2026 | Page 135 

Volume 4, Issue 3, 2026 

The cosine similarity score ranges from −1 to 1, 
where −1 indicates completely dissimilar texts 
and 1 indicates identical texts. A score of 0 
indicates that the texts are orthogonal, or 
completely unrelated. We also normalized the 
similarity score to a range of 0 to 1, where 0 
indicates completely dissimilar texts and 1 

indicates identical texts. 
1. Results and Discussion 
We first ran our technique on sample classes. 
The classes are divided into two groups. One is 
the cohesive class group and the second is the 
non-cohesive class group. The details of the 
classes are given below Table 3. 

 
Table 3 Sample classes 
Cohesive Classes Non-cohesive classes 
Animal,  
Cat,  
Dog,  
Number  
Calculator 

Aero plane,  
Car,  
Elephant, 
Number  
Manipulator 

 
We also performed LCOM calculation on these 
sample classes. The class details and obtained 
results are discussed below. 
 

Animal Class 
The Animal class is an abstract class. It has a 
sound attribute. The code of the class is given 
below. 

 

 

 
 
Our results areas follow in table 4: 
Table 4 Animal Class Results 
LCOM LackofSimilarityScore 
1 0.194588 
 
It was observed that the LCOM technique is 
unable to produce accurate results in this case. 
However, our proposed technique has yielded 
better results than LCOM. 
 

Cat Class 
The Cat class is derived from the Animal class. It 
has a sound attribute. The sound attribute is 
overridden from the Animal class. The structure 
of the class is given below. 
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Our results areas follow in table 5: 
Table 5 Cat Class Results 
LCOM Lack of Similarity Score 
1 0.188631 
 
It was observed that the LCOM technique is 
unable to produce accurate results in this case, 
while our proposed technique has yielded better 
results than LCOM. 
 

Dog Class 
The Dog class is also derived from the Animal 
class. It has a sound attribute. The sound 
attribute is overridden from the Animal class. 
The structure of the class is given below. 

 

 
 
Our results areas follow in table 6: 
Table 6 Dog class Results 
LCOM LackofSimilarityScore 
1 0.198654 
 
It was observed that the LCOM technique is 
unable to produce accurate results in this case, 
while our proposed technique has yielded better 
results than LCOM. 
NumberCalculator Class 

The NumberCalculator class performs basic 
increment and decrement operations. It has a 
_number attribute. The class has two methods, 
AddOne and SubtractOne, which increment and 
decrement the _number field respectively. 
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Our results areas follow in table 7: 
Table 7 Number calculator class results 
LCOM Lack of Similarity Score 
0.333333 0.244906 
 
It is observed that the LCOM technique is able to 
find correct results in some cases, while our 
proposed technique has also yielded better results 
than LCOM. 
 
Aeroplane Class 
The Aeroplane class performs basic operations 
such as startEngine, setEngineNumber, and 

getSeatsCount. Each method accesses different 
properties. From the LCOM perspective, this is 
considered a low cohesive class. However, from 
the method and class name semantic perspective, 
our technique identifies this class as highly 
cohesive. 

 

 

 
 
Our results areas follow in table 8: 
Table 8 Aeroplaneclass results 
LCOM Lack of Similarity Score 
0.666667 0.315243 
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It is observed that the LCOM technique shows 
this class as less cohesive, while our proposed 
technique suggests this class as highly cohesive. 
 
Car Class 
The Car class has two attributes, fly and run. 
These attributes are accessed by two different 

methods. From the LCOM perspective, this is 
considered a low cohesive class. From a semantic 
naming perspective, it should also be considered 
a low cohesive class. However, it is observed that 
our technique finds a relatedness score between 
terms. Even acronyms are assigned a certain 
degree of relatedness score. 

 

 

 
 
Our results areas follow in table 9: 
Table 9 Car class results 
LCOM Lack of Similarity Score 
0.666667 0.24354 
 
It is observed that the LCOM technique shows 
this class as less cohesive, while our proposed 
technique suggests this class as cohesive. In this 
case, LCOM performs better for the Car class. 
 
Elephant Class 
The Elephant class has two attributes, fly and 
startEngine. These attributes are accessed by two 

different methods. From the LCOM perspective, 
this is considered a low cohesive class. From a 
semantic naming perspective, it should also be 
considered a low cohesive class, but it is observed 
that our technique finds a relatedness score 
between terms. Even acronyms are assigned a 
certain level of relatedness score. 
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Our results areas follow in table 10: 
Table 10 Elephant class results 
LCOM Lack of Similarity Score 
0.666667 0.275332 

 
It is observed that the LCOM technique shows 
this class as less cohesive, while our proposed 
technique suggests this class as cohesive. In this 
case, LCOM performs better for the Elephant 
class. 
 
Number Manipulator Class  
The NumberManipulator class has three 
attributes, _firstNumber, _secondNumber, and 

_thirdNumber. These attributes are accessed by 
three different methods. From the LCOM 
perspective, this is considered a low cohesive 
class. From a semantic naming perspective, it 
should be considered a highly cohesive class. 
Therefore, it is observed that our technique finds 
a strong relatedness score between the class 
elements. 
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Our results areas follow in table 11: 
Table 11 Number Manipulator class results 
LCOM Lack of Similarity Score 
0.75 0.414084 
 
It is observed that the LCOM technique shows 
this class as less cohesive, while our proposed 
technique suggests this class as somewhat 
cohesive. In this case, LCOM performs better for 
the Number Manipulator class. 
For each class present in the dataset, LCOM is 
calculated. For comparison with LCOM, the 
average similarity between class names and 
method names is also calculated. Furthermore, 
the average similarity between class descriptions 

and method descriptions is also calculated. The 
details of the obtained results are given below. 
 
• LCOM vs Average Similarity between Class 
Name and Method Names 
A total of 6431 classes were processed using 
LCOM and our proposed technique. The 
following figure 7 shows the relationship between 
LCOM and the average similarity of names. 

 
Figure 5 LCOMvs Lackof sim indexnames 

 

LCOM vs Average Similarity between Class and 
Method Descriptions 
Total of 6431 classes are processed through 

LCOM and our technique. Following figure 8 
shows relation between LCOM and average 
similarity of descriptions. 

 

 
Figure 6 LCOM vs lack of sim index description 
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Following table 12 how results obtained for dataset 
Table 12 Results of github projects 
 Total Classes 

Processed 
LCOM<Avg 
SimIndex 

LCOM>Avg 
SimIndex 

LCOM=Avg 
SimIndex 

Similarity between  
class  
and 
method 
names 

6431 1307 4967 157 

Similarity between 
class  
and  
method 
description 

6431 2856 2078 1497 

 
Results of Third Dataset (Lab Manual Code) 
For each class present in the dataset, LCOM is 
calculated. For comparison with LCOM, the 
average similarity between class names and 
method names is also calculated. Furthermore, 
the average similarity between class descriptions 
and method descriptions is also calculated. The 
details of the obtained results are given below. 

• LCOM vs Average Similarity between Class 
Name and Method Names 
A total of 81 classes were processed using LCOM 
and our proposed technique. The following 
figure 9 shows the relationship between LCOM 
and the average similarity of names. 

 
Figure 7 LCOM vs lack of sim index names 

 
• LCOM vs Average Similarity between Class 
and Method Descriptions 
A total of 81 classes were processed using LCOM 
and our proposed technique. The following 

figure 10 shows the relationship between LCOM 
and the average similarity of class and method 
descriptions. 
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Figure 8 LCOM vs lack of sim index descriptions 

 
Following table 13 how results obtained for dataset 
Table 13 Results of Lab Manual Code 
 

 
Statistical Testing 
The Mann-Whitney U Test was performed on 
GitHub projects with a significance level of 0.05 
and a one tailed hypothesis. 
The value of U = 1745. The distribution is 
approximately normal; therefore, the z-score was 
used. The z-score obtained was 8.07632. The p-
value is < 0.00001. The result is statistically 
significant at p < 0.05, indicating strong evidence 
to support the proposed technique over the 
baseline approach. 
 
Conclusion 
In this thesis, we implemented an NLP based 
technique for a comparative study to examine the 
cohesion of source code classes. Using 

experimental design, we collected datasets of 
source code from two different groups. One 
dataset was obtained from GitHub projects, while 
the second dataset was taken from lab manual 
sample codes used for teaching design patterns in 
universities. The study was conducted over a 
period of two semesters (one year), and results 
were obtained by processing source code using 
our proposed design technique and a traditional 
metrics based approach known as LCOM. 
The results of this study indicate a significant 
improvement when cohesion is calculated using 
unstructured data analysis techniques. However, 
it was also observed that class description analysis 
alone is not always optimal for determining class 
cohesion, as descriptions may contain technical 

 Total  
Classes 
Processed 

LCOM< 
Avg 
SimIndex 

LCOM>Avg 
SimIndex 

LCOM= 
Avg 
SimIndex 

Similarity between 
class  
and  
method 
names 

81 11 43 27 

Similarity 
Between class 

81 43 6 32 

And  
method 
description 
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notes or documentation style text that is more 
suitable for general NLP frameworks rather than 
precise software structure analysis. 
Overall, our findings suggest that with 
advancements in machine learning and NLP 
techniques, unstructured data analysis has strong 
potential for static code analysis in software 
engineering. These findings have positive 
implications for the software engineering 
community, particularly in the development of 
intelligent static code analysis tools. 
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