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Abstract

Finding the right person for an open position can be an unnerving task, especially when there are many
applicants, and if the recruiter or the Human Resource department must sort and further categorize all
those resumes then it will be a labor intensive, time-consuming and tiresome task. Additionally, human
assessment of resumes may be biased and prone to mistakes. Manually screening the proper candidate's
resume from the pool is not practicable; instead, an automated method using natural language
processing may assist in selecting the appropriate candidate's resume. The proposed web application
is built so that job applicants and recruiters can use it easily for applying for job opportunities and
screening, respectively. This study aims to revolutionize resume classification through the lens of
machine learning. Unlike previous approaches, we provide a unique framework that combines
advanced machine learning algorithms with complex feature engineering techniques. So, this can
hamper the decision-making process and lead to delays in the hiring process. We examine the model
architectures, assessment measures, feature extraction strategies, and underlying processes that went
into creating and developing these systems. We also look at case studies and real-world applications to
show the difficulties and benefits of using machine learning for resume screening. Consequently, the
general expansion of the business will be impeded. An efficient resume classification process will ease
the hiring process. Machine learning algorithms like Regular Expression, Multinomial Naive Bayes,
Logistic Regression, Random Forest, SVM etc. have been used for Resume Classification.
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INTRODUCTION

Nowadays, job recruitment over the internet is more common and helpful to both businesses and
employees. Traditional resume screening approaches, such as keyword searches or manual review, are
typically subjective, inefficient, and biased. Having the option to submit a formal application without
attending an interview saves time for both recruiters
and applicants. But these days, there are a lot of
resume templates online. Hiring brilliant minds for
an organization is a difficult task. And as the Indian
economy is booming, young and energetic
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workforce will be required in different organization
to support the economic activities [1]. The actual
problem arises here, finding a qualified candidate
amongst thousands of people is a tedious task. And
the person who is responsible for this task must have
a sound knowledge of various domains to find
appropriate candidate and this is not imaginable in
real world scenarios as numerous job roles exists in
today’s world, so it will be more and more difficult
for a human being to manually screen all those
resumes [2]. Machine learning algorithms empower
us to solve such kind of problems [3, 4]. It is
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possible to train the model with the help of huge number of datasets, and the model can learn from
previous results and can predict reliable outcomes [5].

Most proposed approaches to text categorization aim to enhance classifier accuracy. Text
categorization involves categorizing materials based on their wording. One approach is to classify
documents using machine learning, treating the absence of words as a logical property, like an early
statistical model of language. The Multivariate Bernoulli Naive Bayes (BNB) model is completed. This
research used data from job candidates' resumes, primarily sourced from LinkedIn. This study used 250
resumes and experiments as its primary research methodology. We classified resumes into three
categories: employable (ER), waiting (WR), and not employable (NER).

In this study, we provide a complete review of the current resume classification landscape,
emphasizing the limitations of existing methods. Advanced HR strategies like hiring, screening,
training, and performance reviews are used by organizations. Online recruitment improves applicant
information collecting, provides uniform data, and saves time.

We then provide our suggested framework, describing its main components such as deep learning
architectures, NLP approaches, and ensemble learning algorithms. We hope to transform how recruiters
analyze applications by using the power of artificial intelligence, resulting in better informed hiring
decisions, and driving organizational success in the competitive global marketplace. Machine learning
techniques can be used to solve real-world problems, including online job applications, job
recommendation systems, sentiment analysis, and spam filtering [7-9].

RELATED WORKS

1. Machine learning techniques have recently been widely used in many different fields. Many
studies are focusing on utilizing machine learning approaches to categorize job posts in today's
technology-driven world.

2. The resume classifier is a text-based categorization system. Different approaches to representing
text based on the syntactic and semantic relationships between words are offered by Sam Scott
and Stan Matwin. Various machine learning models, including SVM and GBDT, describe feature
creation techniques.

3. Since the introduction of deep learning, there has been a shift toward using neural network
architectures for resume classification problems. It has been demonstrated that Convolutional
Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) can identify sequential and
hierarchical patterns in textual input. Zhang et al. (2019) suggested a CNN-based strategy for
resume categorization, which outperformed existing methods. Similarly, Liu et al. (2020)
investigated the use of bidirectional Long Short-Term Memory (BiLSTM) networks for resume
categorization and found gains in classification accuracy.

4. Human resource professionals encounter numerous obstacles during the recruitment process,
making artificial intelligence a viable solution. There hasn't been much research done in this field,
though. Data for the study came from a variety of sources, including Statista, Tractica, MIT Sloan
Management Review, LinkedIn, Boston Consulting Group, and CV Library [6].

5. With the advent of fifth-generation sophisticated technology, spam messages have become a
major issue, and a variety of email programs have grown in number. Different spam filtering
techniques exist. Historically, the probability-based Bayesian classification system has been used
to efficiently filter spam messages and prevent major issues [10-11]. Bayesian email spam
filtering currently has a 90% accuracy rate.

6. There are huge applications used in medicine for predicting diseases. The Naive Bayes
classification approach can predict illnesses based on hemoglobin protein sequences. Using data
mining in protein analysis allows for efficient identification of protein properties, leading to
improved medication design. In the investigation, Naive Bayes achieved an accuracy of 85% [8].
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7. These methods typically examine training data (i.e., pair data with predetermined input-output)
to generate an inferred function that may be used to map other examples. Unsupervised
categorization, on the other hand, groups documents based on their similarity rather than using a
specified criterion. Document classification techniques include Naive Bayes, TF-IDF, SVM,
KNN, and Decision Tree.

METHODOLOGY AND PRE-PROCESSING
This section provides data pre-processing experimental setups and various methods and technics have
been used to classify and categorize resumes accordingly. The model works as described below.

Gathering Data from Various Resources

This is the first and foremost step to build this Machine Learning (ML) model as we cannot build and
train the model without relevant data. So, datasets have been downloaded from kaggle.com. And
another thing is that these datasets are unstructured. So, the datasets need to be cleaned before we can
use that the dataset has the following category wise and percentage distribution is shown in Figures 1,2.
Distribution of categories throughout a range of fields, including sales, consulting, chief, finance,
healthcare fitness, business development, advocacy, design, information technology, and human
resources, among others.
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Figure 1. Category Distribution in Various Domain.

© JournalsPub 2023. All Rights Reserved 3



Machine Learning Approaches Towards Resume Classification Das et al.

RESUME CATEGORY DISTRIBUTION
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Figure 2. Percentage Wise Distribution.
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Figure 3. datasets.

Data Cleaning

These kinds of dataset are usually filled with huge number of irrelevant data. So, to clean the dataset,
blank spaces, special characters, tags, links etc. must be removed from the dataset is shown in
Figure 3.

Also, all the characters have been converted to lowercase. And the cleaned data stored in a separate
column.

Lemmatization

Lemmatization is the process of putting together various inflected versions of a single word. Its
applications include computational linguistics, natural language processing (NLP), and chatbots.
Lemmatization combines related meaning terms into a single word, making chatbots and search engine
inquiries more effective and accurate. The purpose of lemmatization is to reduce a word to its root form,
often known as a lemma.

Lemmatization transforms words into the root word and the meaning remains intact. For example,
“playing” will be converted into “play” after lemmatization. Words with maximum frequency can be
visualized and understood with the help of word cloud is shown in Figure 4.
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Figure 4. Word Cloud.

Label Encoding and Feature Extraction Using TF-IDF

The cleaned data stored into a separate column after preprocessing. Then, texts from category have
been converted into numerical values and stored into a different column named “Category Labeled”,
which can be treated as target variable. TF is used to check the frequency of a word in a text. In IDF,
the words which are more common are less significant. TF-IDF is used to test relevancy of a word in a
body to a text. So, the word with the higher TF_IDF score is most significant. The purpose is to find
the most relevant words related to a job role.

The TF-IDF method efficiently and simply matches query words to relevant documents. TF-IDF
finds documents that are very relevant to a query, according to data analysis. When a user searches for
a particular subject, TF-IDF can find relevant documents.

TF-IDF is simple to encode and can serve as the foundation for complex algorithms and retrieval
systems [3].

RESULT ANALYSIS
The various Machine learning estimators are used to train the model such as Multinomial Naive
bayes, Logistic Regression, Support Vector Machine.

Multinomial Naive Bayes (MNB)

Multinomial NB is a “probabilistic classifier” that works on probabilistic output, and it is appropriate
for discrete features. Then the dataset is fragmented into train and test set and the training set which are
fitted into the MNB classifier. And training set is used to estimate the enactment of the model and the
accuracy score, precision, recall and f1 score has been attached. Figure 5. Shows the accuracy of MNB.

Logistic Regression (LR)

LR is a statistical method, and it is used to train ML models where the dependent variables are binary.
This model gave an accuracy of around 68% which is better than MNB in this case. Figure 6. Shows
the Accuracy of LR.

Logistic regression is a useful analysis tool for classification problems, which includes determining
whether a new sample fits well into a category. Because components of cyber security involve
classification problems, such as attack detection, logistic regression is an effective analytic tool.

Support Vector Machine (SVM)
SVM distinctly classifies data points by a hyperplane. Figure 6 and Figure 7. shows the accuracy of
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Linear SVM.
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Figure 5. Accuracy of MNB.
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Figure 6. Accuracy of LR.
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Figure 7. Accuracy of Linear SVM.

Table 1. Accuracy score in different classifier.
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Classifier Accuracy
Multinomial Naive Bayes 0.62
Logistic Regression 0.684331797235023
Linear SVM 0.6658986175115207
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28
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Support vector machines (SVMs) are training algorithms that teach regression and classification rules
from data. For instance, they can learn multilayer perceptron classifiers, polynomial, and radial basis
functions. Vapnik first proposed SVMs for classification in the 1960s, and since then, there has been a
lot of research on the topic thanks to advances in theory and practice as well as applications to regression

and density estimation.

The Accuracy scores of Multinomial Naive Bayes, Logistic Regression and Linear SVM are provided

below in Table 1.

CONCLUSION

Resume screening for job opportunities is influenced by a variety of elements during the process.
This procedure selects student as per their qualifications and talents. The analysis of Three models
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showed that the individual Multinomial Naive bayes gives probabilistic output, Logistic regression gave
accuracy around 60% which is better than MNB. The accuracy of Linear SVM model is better than
MNB and LR. The resume classification process based on machine learning approaches shows
promising results in task automation. Further advancements can be made by integrating more data
sources and refining algorithms to improve accuracy and efficiency. In summary, this research work
demonstrates the machine learning approaches to transform the recruitment process and make it more
effective and efficient.
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