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Abstract 
 
The development of the digital learning or e-learning system played an 

important role in the educational system due to the effective learning space, 
mobility, effective learning, and teaching process. During the e-learning 

process, the quality of the learning system is determined by how students 

understand their concept and answer's the questions while attending e-

learning class. From the answered questions the quality of the e-learning 
process is difficult to examine and also creates complexity while assessing 

the descriptive type of answers. For overcoming the above difficulties also 

improving the assessment process of the e-learning system by using an 
optimized pattern matching process called ant bee optimized deep learning 

fuzzy pattern matching process. The introduced method examines the student 

answers, relative keywords are extracted by applying a stochastic suffix 
stripping algorithm. From the derived keywords, a tree has been constructed 

using similar words of the keywords. At last, the pattern matching and e-

learning evaluation process are performed by using the predefined patterns 

with keywords using the above-mentioned matching approaches. Then the 
efficiency of the system is examined using experimental results such as 

simple matching coefficient (SMC), Jaccard similarity, coverage, and F-

measure. 
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1 Introduction 
 

E-Learning is the process of utilizing multi-media and electronic 

technology for improving the education system. Moreover, the e-learning 
process helps to teach a different course, subjects, techniques, and tools via 

websites. According to the survey of European e-learning barometer cross 

knowledge 75% of the company, interest to train their staff's professional 
skills via the e-learning process. In addition to this, 50% of employees 

improve their skills by using the e-learning process because it provides 

valuable services, information about programming language [1], and other 

general concepts. Along with this, the developed e-learning course has been 
created with different characteristics such as multiple objectives, satisfies the 

learner requirement, subject matter experts, self-placed also effectively 

reaches the audience, easily connected to electronic media, always have self-
assessment [2]. The successful design of e-learning have several advantages 

such as flexibility, availability of resources, course content delivery, any type 

of students such as part-time, working student, also access their contents, 
independent learning process, the student can train themselves at 24*7 

anywhere in the world, convenient option to learn a difficult concept, 

effective discussion boards, interactive sections are available for clarifying 

their doubts also have a different format of learning sources such as video, 
audio, and text [3]. Due to the advantages of e-learning, it has been utilized 

in different applications such as educational institutions, research fields, 

software industries, and so on. Even though the electronic or digital learning 
process provides the concepts with potentially better, faster, and cheaper than 

the traditional learning method it has some pitfalls such as face to face 

learning is missing, e-assessment process [4] is only available for objective 
questions, difficult to maintain the security of online learning process and 

assessment of questions only depend on knowledge-based, not for practical 

based approach. Among the various difficulties, the e-learning self-

assessment process is one of the crucial issues because it is used to improve 
learner's self-confidence while learning particularly a new concept. Even 

though the system evaluates the answers with limited questions [5] in 

objective type questions only. But most of them learn trying to evaluate their 
descriptive type of questions for getting a better understanding of their 

learning process. The corrections of objective type questions are easier 

because the related keyword is matched with the student answer in an 

effective manner.  
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But most of the case students are willing to answer their questions and 

they like to evaluate themselves for improving the independent learning 

process [6]. Students of the millennial generation in the United States, 
Europe , Asia, and around the world are interested in an integrated, 

analytical, computational, interactive, as well as realistic, real-world-focused, 

sustainable, personalised education at the same time. Students of the 

millennial generation also think about sustainability and greening the 
environment [7]. Due to the importance of the descriptive answer evaluation 

process, the automatic system e-assessment system is created for reducing 

the manpower evaluation, assessment time, psychological changes of 
evaluator mood while correcting answers.  

Therefore this paper, creates a descriptive type of questions and related 

answer from the Stemming process. Stemming is a form of extracted 
keywords from the various web pages which are related to user required 

domain related questions. The Stemming [8] process used to increase the 

performance of search space from the web page which means quickly access 

the user required domain-based web page. After that related answers are 
analyzed and important keywords [9] are extracted from the answer. Along 

with the keywords related synonyms are generated which are stored in the 

structure as a tree for correcting the answer. As the same, the student answers 
are examined and related keywords are derived from their answer which is 

matched with the template keywords. According to the similarity matching 

process, respective marks are allocated to the answer that helps to improve 

the student learning process. In this paper introduced automatic e-learning 
assessment process [10] is created using Ant bee optimized deep learning 

fuzzy pattern matching based on user required domain-related descriptive 

answer. The method examines the questions and relevant keywords are 
extracted by applying a stochastic suffix stripping algorithm that extracts the 

origin of the word and related synonym are derived, formed tree. The derived 

questions related to answers are matched with the created keywords by 
applying an optimized fuzzy pattern matching algorithm that successfully 

matches the trained keywords and evaluates the e-assessment process in an 

effective manner. The efficiency of the system is analyzed using the 

experimental results like Simple matching coefficient (SMC), Jaccard 
similarity, correctness, and accuracy, and the obtained results are compared 

with the traditional pattern matching algorithms.  

The remaining of the paper as follows in section 2 contains the related 
work about the pattern matching process. Ant bee optimized deep learning 

fuzzy pattern matching process deal in section 3. Experimental results and 

discussion are explained in section 4. Section 5 contains the conclusion of the 
work. 

 

 

 



                                                                                                                  
 

 

 
 

 

 
6398 C.Vijayalakshmi et.al 

 

2 Related Works 

 
This section discusses the various research opinions, thoughts, and ideas 

about the e-learning process.  

Susana Olmos [11] develops a learning procedure to pick up the 
assessment ability. Through a survey method analysis, the data collected 

from more than 60 students in the type of self-supposed answer. The 

experimental results show the medium and high levels of e-learning and 
assessment use. Virtual platforms have management of the learning process 

as well as self-monitoring activities. He mainly focused e-assessment process 

through a virtual platform. 
Junliang Li [12] introduced the multi best particle swarm optimization 

algorithm for improving the e-learning process. Initially, particles are 

interested in several residents arbitrarily. After the estimate of everyone 

resident is collected into one resident and continuous the processes until the 
stop condition becomes false. Simultaneously a novel algorithm updates the 

particles, velocity, and position of multiple global best instead of single 

global best and single personal best. This process improves the search 
efficiency of traditional particle swarm optimization as well as to find the 

real global best significantly.  

Ibrahim et al [13] introduces the system of automatic multiple choice 
question generation to evaluate the knowledge of the student. It provides the 

sentence informatively and the keywords. The system is using the TREC 

2007 datasets for experimental results. It introduces the semantic role 

labeling for key generation and name entity reorganization approach for 
distracters generation. The distracter generation based on similarity measures 

the question and key. The algorithm is generated string-based similarity. The 

experimental results of the Ibrahim introduced system is to overcome the 
difficulties of existing algorithms.  

FatemaAli [14] introduces an online open-book tool for a formative quiz. 

The experimental results test the 85 nursing students in the college of health 

sciences, behavioral sciences course SBS 126. Assessment is using a 
significant positive correlation for enhancing the measures the knowledge of 

our self. This tool is to better in particularly higher education. 

YvanDuroc, et al [15] introduces a novel move towards customized multiple-
choice questions and is also compared with the traditional multiple-choice 

question as well as connected to interactive software. This paper mainly 

focuses not only on the education test and also on improving the autonomous 
learning and assessment as well as informative and attractive. The 

experimental results remarked an improvement of the users and an enhancing 

motivation. Besides the tool established a teaching strategy in another 

domain. 
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AnushaHegde et al [16] present the alternative of multiple-choice 

questions based on student required. Important to a security and resource 

utilization as well as automate ability. It is to help the community of 
educational research test and evaluation. Therefore she created open-source 

e-learning and assessment. Here the assessment overall score justification is 

based on a weighted average. Future work is to implement an auto gradable 

mechanism. According to the above discussions, the e-learning process helps 
to improve the student learning process. So, in this paper introduces the 

effective methodologies to assess the student learning capacity by conducting 

the descriptive question and answer based test and related evaluation process. 
Then the effective self-evaluation process is introduced in this paper using 

optimization techniques to improve the e-learning assessment process which 

is discussed as follows. 
 

3 E-Learning Assessment of Ant Bee Optimized Deep 
Learning Fuzzy Pattern Matching Approach  
 

This section discusses the Ant bee optimized deep learning fuzzy pattern 

matching process for assessment of descriptive questions while studying 
concepts in digital technology. Traditionally, the e-learning processes 

evaluate the objective type of questions for validating themselves also helps 

to improve the learning strategies.  This objective type of evaluation also 
sometimes difficult to predict due to the wrong keyword extraction process. 

The limited amount of evaluation process leads to reduce the learning interest 

via digital technology also minimizes the number of users to utilize the 

particular learning websites. So, this paper introduces the effective keyword 
extraction process and the automatic evaluation process. During the 

evaluation process, descriptive type of questions and answers are used to 

determine the quality of learning strategies and their improvements in a 
particular domain. Then the general structure of the e-assessment process is 

shown in Figure 1. 
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Figure 1: Overall Structure of E-Assessment Process 
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Figure 1 depicted that the overall architecture of the E-assessment 
process which includes several steps such as Stemming, keyword related 

synonym extraction, tree formation, and matching process. Each step utilizes 

its algorithm process to analyze the student answer in the electronic learning 

process. Initially, the descriptive type of questions is asked to the students 
who learned via the e-learning system, and the related answers are derived 

from respective content. The answers are analyzed different keywords are 

derived and a tree has been formed which is stored in the list. The gathered 
student answers related keywords are analyzed which is matched with the 

respective tree structure and a similarity task is performed to validate the 

student learning and understanding capacity of a particular concept. From the 

obtained answers, the keywords are extracted by applying a stochastic suffix 
stripping algorithm which is explained as follows 

 

3.1 Stemming Using Stochastic Suffix Stripping Algorithm 
 

The first step of the work is to raise the descriptive type of questions to 

the student for evaluating themselves. The raised descriptive questions 
related to answers are gathered which is examined by applying the Stemming 

procedure. Stemming is one of the important processes used to analyze each 

word in the list, and get the root or origin of a particular word. The derived 

root word helps to perform the matching process if the answered word cannot 
match with the exact word. For example, if the descriptive type of question 

is, Input: What is mean by Pattern Matching? 

The input is the above given descriptive type question and the related 
answer is, 

Answer: Pattern matching is the act of checking a given sequence of 

tokens for the presence of the constituents of some pattern (Source from 

Wikipedia). 

From the above answer, first, the keywords are extracted by applying the 

Stemming process which means, that retrieves the root or origin of the word 

using a stochastic suffix stripping algorithm. The algorithm utilizes a 
particular ruleset while examining each word present in the answer key, for 

example, suffix letters are removed and find out the origin of the word. If the 

keyword end with 'ed' then the 'ed' must be discarded, form the root word, 
Likewise, the keywords are ends with 'ing','s' and 'ly' they are removed from 

the word and make their root word. By using this general format, the 

stochastic approach constructs the learning model, in which the given 

answers are split into word by word, each word consist of input to the 
stochastic learning model.  The model utilizes the prefix, suffix, and affix 

linguistics and parts of speech analyzed normalized rule is applied to the 

given input for getting the root of the word. This process is repeated until to 
get the entire words related to keywords from the given answer.  
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In addition to this, the stochastic suffix striping algorithm, 

https://www.cortical.io/extract-keywords.html is used to get the keywords for 

a descriptive answer. In the above example, the origin of words is described 
as follows,Keywords: Pattern, match, check, sequence, token, presence, 

constituent, act. 

After deriving the keywords from the answer, relevant synonyms are 
generated with the help of the online tool WordNet. It is one of the large 

lexical English databases that consist of a collection of synonyms for 

particular derived words. With the help of the words, the tree has been 
formed because; a student may answer any type of their own English with 

relevant words which does not create difficulties while performing the 

matching process. In addition to this, the wordNet is freely available in 

public that is used to solve the linguistics computational problems as well as 
process the natural language in an effective manner. According to the 

discussion, the synonyms for each keyword is derived and tree or graph has 

been constructed and sample tree form for the keyword 'act' is shown as 
follows, 

 

Act 

Action doing  Undertaking achieve 

 
Figure 2: Tree Structure for Act Keyword-Synonym 

Based on the Figure 2, the tree has been constructed for every keyword 

present in the answer, which is stored in the database list that is used to 
perform the pattern matching process. Finally, the evaluation is done by 

applying the Ant bee optimized deep learning fuzzy pattern matching process 

which is explained as follows 

 

3.2 Ant Bee Optimized Deep Learning Fuzzy Pattern Matching 
Process 
 

The final step of this work is the similarity matching process which is 

done by applying the ant bee optimized deep learning fuzzy pattern matching 

process. The fuzzy pattern matching process is one of the effective 

techniques used to compare the test and pattern keywords for finding the 
similarity which helps to evaluate the described answers. The defined fuzzy 

approach not only measures the exact similarity also examines the nearer or 

overall similarity from the derived keywords.  
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At the time of this process, the method uses different operations such as 

insertion, deletion, and substitution because the user may enter into any 

misspelled keywords that may reduce the overall similarity matching process 
in the traditional similarity matching algorithm. Even though the introduced 

fuzzy approach overcomes the misspelled relevant keyword issues, the 

method still faces the substring matching process which is overcome by 

applying the optimized fuzzy pattern matching algorithm. The optimized 
process utilizes four different steps such as edit distance in which two 

keywords K1 (test) and K2 (pattern) are checked with a minimum number of 

characters with the maximum number of length of pattern keywords. 
According to this process, the distance of the keyword is computed and 

remaining unwanted characteristics are fed into the operations such as 

(insertion, deletion and substitution).  The edit operation is done as follows, 

           (1) 

In eqn (1), K1 is a text keyword, K2 is a pattern keyword. 
L(K1), L(K2) is the length of the keyword K1 and K2.  Based on the 

length of the K1 and K2, the edit operation should be performed it may be an 

insertion, deletion, and substitution operation.  
After computing the edit distance measure, reference relation (R) has 

been computed that includes the tuple identifier, Ai is the reference relation 

of string value attributes in the ith column. According to the tuple reference 

relation value, the tokens are generated depending on the keywords. The 
tokens are split into different tokens because each keyword having several 

related synonyms that are considered as a set of tokens. From the split 

tokens, the weight function is applied to the tokens present in the document 
which are estimated as follows. 

              (2) 

In eqn (1),  is represented as the weight value of each keyword. 

R is the reference relation of keyword that includes keyword id, and related 
keyword. 

 is denoted as frequency of keyword t with particular i 

column. 
At the time of the distance estimation and weight computation process, it 

should be optimized by applying the ant bee optimized deep learning 

approach because it enhances the edit distance computation and weight 
function computation process. First the maximum distance of each 

characteristic in K1 and K2, based on the distance measure, affinity value is 

computed as follows 

             (3) 
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From the computed distance value, maximum distance of K1 and K2 is 

computed as follows, 

            (4) 
Where kr is the range of t attribute i. 
The computed keyword distance has been trained according to the transition 

probability value that is computed as follows. 

               (5) 

Where  t and n are the pheromone values and α, 

βis the heuristic information. In addition to this transition probability value, a 
different number of keywords is utilized to train the features because the 

deep learning process utilizes more number of data while processing the data. 

The collection of data improves the distance estimation and weight value, 
based on that fuzzy operation is performed effectively. From the trained data, 

the user entered keyword is analyzed from the generated keyword tree. 

According to the computed values, the fuzzy similarity function is applied to 

determine the similarity of each keyword.  

 (6) 

In the above eqn (6),  is represented as the transformation cost of K1 and 

K2 which includes fuzzy operation cost. w(K1) is the weight value of the 

keyword and 1.0 is the general weight value of each keyword during the 
similarity matching process. This process is repeated continuously until to 

match the test and pattern keywords. Then the efficiency of the system is 

evaluated using experimental results and discussions. 
 

4 Result and Discussion 
 

This section discusses the Ant bee optimized deep learning fuzzy pattern 

matching process based e-assessment process. The introduced method 

successfully examines each word present in the descriptive answers and 
related keywords, synonyms are extracted that are used to perform the 

similarity checking process. The keywords are generated by constructing the 

language model rules, for deriving the root of the word. From the derived 

root word, various words are gathered that are stored in tree format because 
to simplifying and improving the similarity checking process. Finally, the 

checking process is done by a fuzzy approach that overcomes the exact 

matching criteria because it is used to determine the partial or less pattern 
matching process that improves the e-assessment process. The efficiency of 

the system is developed in a .Net environment which utilizes the java 

framework which effectively utilizes the string matching process.  
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The experimental results have analyzed the performance of Ant bee 

optimized deep learning fuzzy pattern matching based e-assessment process 

using a simple matching coefficient (SMC), Jaccard similarity, coverage, and 
F-measure. These defined metrics are used to examine how effectively user 

questions are assessed in the e-learning process which is computed as 

follows. 

  (7) 

        (8) 

                                  (9) 

                                            (10) 

Simple matching Coefficient is one of the important metrics that is used 

to determine how effectively, the texting keywords and pattern keywords are 
matched while performing the evaluation process. Then SMC is computed as 

follows, 

                                           (11) 
Jaccard Index is measure is used to compute the similarity between the 

test and pattern keywords while performing pattern matching process. In 

addition to this, the Jaccard index measures the exact matches of both 

keywords in the descriptive answers. 
Based on the above metrics, the efficiency of Ant bee optimized deep 

learning fuzzy pattern matching based e-assessment is examined and the 

obtained result is shown in Table 1 
Table 1: performance analysis of proposed methods 

Metrics 
String Search 

Algorithm (SSA) 

Boyer–Moore 

(BM) 

Knuth–Morris–

Pratt (KMP) 

Ant bee optimized 

deep learning 

fuzzy pattern 

matching 

(ABDLFP) 

precision 94.3 96.9 97.2 98.23 

Recall 95.64 97.1 97.6 98.45 

Coverage 95.8 97.2 97.92 98.65 

F-measure 96.2 97.5 97.96 98.92 

 
Table 1 shows the performance of Ant bee optimized deep learning fuzzy 

pattern matching based e-assessment process. The above table clearly shows 

that the ABDLFP method attains effective results and the obtained result is 
shown in figure 3. 
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Figure 3: performance analyses of E-learning Assessment methods 

 

Figure 3 describes the performance of ant bee optimized deep learning 

fuzzy pattern matching process in which the method attains high accuracy 
because of the successful derivation of root words, keywords from the 

answers that are used to get the effective similarity matching process while 

evaluating the descriptive type of question and answers. According to the 
analysis, the Ant bee optimized deep learning fuzzy pattern matching process 

attains overall 98.56% of accuracy that means the keywords are successfully 

matched with the respective patterns in the list. Then the efficiency of the 

similarity matching process is further evaluated using similarity metrics that 
are shown in Table 2. 

  
Table 2: Performance of Similarity Matching compared with existing algorithm 

Metrics 
String Search 
Algorithm (SSA) 

Boyer–Moore 
(BM) 

Knuth–Morris–
Pratt (KMP) 

Ant bee 

optimized deep 

learning fuzzy 
pattern matching 

(ABDLFP) 

Simple matching 

Coefficient 
0.84 0.89 0.93 0.98 

Jaccard Index 0.86 0.92 0.94 0.985 

 
The above Table 2 depicted that similarity matching process of Ant bee 

optimized deep learning fuzzy pattern matching (ABDLFP) process. It is 

clearly shown that ABDLFP approach successfully matches the test and 

patterns keywords with 0.98% of SMC value which is high compared to 
other methods such as string search algorithm (0.84%), boyer-moore (0.89%) 

and knuthmorrispratt (0.93%).  
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Along with this SMC value, the ABDLFP approach attains 0.985% of 

exact matching accuracy which also higher than the other methods such as 

string search algorithm (0.86%), boyer-moore (0.92%) and knuthmorrispratt 
(0.94%). Based on the above results, the obtained graphical representation is 

shown in Figure 4. 

 
Figure 4: Comparison of Similarity Coefficient 

 
Figure 4 describes the performance of ant bee optimized deep learning 

fuzzy pattern matching (ABDLFP) achieves high accuracy and high 

similarity coefficient matching value compared with existing algorithm. Even 
though the method attains high accuracy value, it should be matched with 

minimum computation time and the obtained result is shown in Table 3. 
Table 3: Computation Time 

Matrix 
Computation Time 

(s) 

String Search Algorithm (SSA) 29 

Boyer–Moore (BM) 23 

Knuth–Morris–Pratt (KMP) 19 

Ant bee optimized deep learning fuzzy 

pattern matching (ABDLFP) 
15 

 

The above Table 3 depicted that computation or matching time of Ant 
bee optimized deep learning fuzzy pattern matching (ABDLFP) process. It is 

clearly shows that ABDLFP approach successfully matches the test and 

patterns keywords with 17s minimum computation time which is minimum 
compared to other methods such as string search algorithm (29s), boyer-

moore (23s) and knuthmorrispratt (19s). According to the above table 3, the 

obtained result is shown in figure 5. 
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Figure 5: Computation Time 

From the analysis of Figure 5 describes Ant bee optimized deep learning 

fuzzy pattern matching (ABDLFP) process achieves the matching time 

compared with the existing algorithm. Due to the effective analyses of Ant 
bee optimized deep learning fuzzy pattern matching (ABDLFP) process, in 

this work the optimization algorithm is utilized to improve the e-learning 

descriptive question and effectively answer the assessment process. 

 

5 Conclusion 
 

In this paper, Ant bee optimized deep learning fuzzy pattern matching 

(ABDLFP) optimization-based automated e-assessment process in the digital 

learning process. During the analysis process, descriptive type questions are 
asked to the students, answers are derived from the web content, the related 

keywords are derived from the key using the Stemming process. The 

Stemming process generates the language model rule that includes, prefix, 

suffix, and affix details. Based on the rule root word or keywords are 
generated and the WordNet lexical database is used to collect the synonym 

for each keyword and construct the tree for keywords. From the constructed 

tree, the student keywords are matched with pattern keyword that includes 
several operations such as insertion, deletion, and substitution operation for 

performing the similarity matching process. During this process, the edit 

distance and weight value are continuously examined ant bee approach that 
optimizes the distance computation using affinity and transition probability 

value. Along with this, the deep learning process utilizes the collection of 

keywords for training the text in terms of distance, keyword, and weight 

value to get the fastest matching process. Then the efficiency of the system is 
evaluated using experimental results, in which the fuzzy pattern matching 

process attains 0.98% of similarity coefficient matching with fast 

computation time 15s. 
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