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INTRODUCTION

We know that, now a days getting a job is being a difficult and

challenging. Most of the people don’t know how to find a job and which job is suitable

for us according to their skills. A recent report says that most college, graduates and

Post graduates have difficulty in choosing their domain in their job. Now a days jobs

in the IT field are increases hence many students are trying to shift the domain from

their field to IT. So, they are doing some courses online and randomly searching for

a job.

Nowadays, IT fields are the most preferable job of many students but

they don't know which job is fit for them. To avoid this situation candidates, need a

Job recommendation that analyses the skills to recommend a suitable job for the

candidate. The solution is to design a system that reads a resume and their skills. The

resumes are going through pre-processing to make the design more efficient. For pre-

processing top words and porter stemmer, Porter Stemmer will make every word their

root word, and stop words will remove every meaningless word. This makes the

system more efficient. Then compare the skills in the resume and description.

The key problem is that most job-hunting websites just display

recruitment information to website viewers. Students have to go through all the

information to find the jobs they want to apply for. The whole procedure is tedious

and inefficient. We need an easy job recommendation system where everyone will

have a fair and square chance. This saves a lot of potential time and money both, on

the industrial as well as the job seeker's side. Moreover, as the candidate gets a fair

chance to prove his talent in the real world it is a lot more efficient system. The basic

agenda of every algorithm used in today's world, be it a traditional algorithm or a

hybrid algorithm, is to provide a suitable job that the user seeks and wishes for.

The main purpose this project is to work focuses on predicting suitable

jobs for the candidates as per acquire skills. It uses machine learning models to find

similarities between jobs description and resumes to predict accurately. This

application can be used by any candidates who need or who want to know about their

suitable jobs and to improve themselves with both soft skills and hard skills. It will be

helpful to them by not waste their time searching for jobs and prefer a job as per

acquire skills.
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MOTIVATION

Nowadays we are at a point where we are standing with huge data collected with us. As
a statistician. our job is to study and analyze the data. Currently, many students pass out their
degree or post-degree course and this job seeker wants a job but they don't know exactly what
type of skills are needed for a particular job and if so what kind of skills they have. In this
project, we have considered three main Job types Data Analyst, Data Engineer, and Data
Scientist. We are also looking at whether the job type and salary depend on the location.

The main purpose of our study was to handle big data. To study an association between
Job type and skills. The number of skills or the mainly specific skills required for particular
jobs.

Many job seekers are trying to shift the domain from their field to IT. So, they are doing
some courses online and randomly searching for a job. Nowadays, IT fields are the target of
many students but they don't know which domain is suitable for them. To avoid this situation
candidate. need a Job Recommendation that analyses the skills to recommend a suitable job for
the candidate. The solution is to design a system that reads a resume and their skills. The
resumes are going through pre-processing to make the design more efficient.

The proposed work focuses on predicting suitable jobs for the candidates. It uses
machine learning models to find similarities between jobs description and resumes to
predict accurately. This application can be used by any candidates, who need or who want
to know about their suitable jobs and to improve themselves with both soft skills as well
as hard skills. It will be helpful to them by not waste their time searching for jobs. They

can also grow their skills in their domain and grow faster in their domain.




OBJECTIVES

» To build a recommendation system that will help candidates to get suitable jobs

concerning their skills.

> To suggest skills to the candidates so that they can acquire them and get a
suitable job.

» To check which factors are significant and which factors affect our target

variable.

» To check which type of Job candidates can prefer the most among the job type
viz. Data Scientist. Data Analyst, and Data Engine
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METHODOLOGY

We have collected our data from Kaggle the data contain. Data Scientist.

Data Analyst. and Data Engineer. To find suitable jobs and their scores, this application
receives the resume and has a dataset for a job with their description. Data mining is a
field of the intersection of computer scienceand statistics used to discover patterns in the
information bank. The main goal of the data mining process is to extract useful
information from the dossier ofdata and mold it into an understandable structure for
future use. The system will move on to the next progress which is finding the skills to be
improved bythe candidates. The system will take the resume and the skills dataset then
compares both and display the skills which are all not in the resume. The methods used
are Random Forest, Decision Tree, KNN, and Naive Bayes, forthe ensemble so that even
if one method predicts incorrectly, the other model is likely to make the correct
prediction, and since the majority voting techniqueused for the final prediction is the
correct one. In this project we use a Multinomial logistic regression is an extension of
logistic regression that adds native support for multi-class classification problems.

These data will be in an unstructured format, so we need to pre- process the
data before going to the modeling stages. Once the extracted data is processed and
transformed in to feature, we can further go ahead and utilizethose features as input to the
content-based filtering. Then we feed the user anditem feature matrix to a similarity
measure algorithm to identify the similaritybetween the job and the user.

Now we take an X as an independent variables and Y is dependentvariable as
Job Type. Let us consider the sklearn model selection by splitting the data as train and
test datasets. In this model we take a test size is 0.2 i.e. thetrain data is 80% and the test

data set is 20%. Then we apply the classificationalgorithm and build the models and

check which model is best fit for our data.




DATA DESCRIPTION

We can easily tell that there is a mix of categorical, geographical, and numerical

variables.

Each row represents the candidate's information like no. of skills, Salary, company.

revenue and employee size, location, and the field they work in.

* There are 5715 rows including the header and 43 columns. The data type is correct

and matchesthe corresponding values.

Data Description:-

Job_Title: Title of Role
e Link: Weblink of Job Posting

e Queried_Salary: Salary Range of the Job

Posting(Estimated/Actual if available)

e Job_Type: 3 Categories of Job Types — Data _Scientist,

Data_Analyst, Data_Engineer
Skill: List of desired skills on the Indeed site
No. of Skill: Count the number of desired skills

Company: The company that posted the job posting

¢ No. of Reviews: Number of Reviews for the Company

¢ No. of Stars: Ratings for the Company

o Date Since Posted : Number of days since the job was posted in

less than a day

o Description : Web scrape of part of the job description

e Location: State the job opening is located in

e Company_Revenue: Annual revenue of hiring company

¢ Company_Employees: Employee count of hiring company

Company_Industry: Industry of hiring company
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Expansion of Skill column (Top 10 overall skills):
- pvthon

- sql

- machine learning
-r

- hadoop

- tableau

- sas

- spark

- java

- Others

Expansion of Location column (Top 10 overall states):

-CA
-NY
- VA
-TX
-MA
-IL
- WA
-MD
-DC
-NC
- Other_states
Expansion of Company_Industry columns (Top 5 overall industries)
- Consulting and Business Services
- Internet and Software
- Banks and Financial Services
- Health Care

- Insurance, Other Industries.

POV 00ee000000000000000bbbcccdccccis



DATA PRE-PROCESSING

Data Cleaning:

Before we start with the analysis. we must first clean the data or “scrub the dirt”. For
this analysis, we will look at the more common issues such as missing and duplicate data.

Handling Missing Values: There are no missing values.

Duplicate Data:

Then, we will find out whether there is duplicate data.The result shows

that thereare no duplicated rows.

Now that the data set has been scrubbed, we can proceed with some statistics analysis!

PYTHON

MACHINE
LEARNING

TABLEAU l |
HADOOP

SKILLS
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EXPLORATORY DATA ANALYSIS

Bar Plot for which job prefers Most:

Most Job Prefers

COUNTS

1JOB TYPE

Fig.1. 1Which job prefers most of the peoples

Conclusion:

From above figure. we can see that Data Scientist job prefers by 45% peoples.

Dataanalyst prefers 31% and Data Engineer prefers 24% of peoples.

Bar Chart:

500 -

5 20 7.5 5

0.0 2 10.0 125 150 17 200

Fig.1.2 Distribution of the Numbers of Skills acquire
Conclusion:

% We can observe that No of Skills is positively skewed.

< The most no. of skills candidates have is 5.




Pie Chart:

Skills

java python
13% 19%

python ] B machine learning

Figl.3
Conclusion:
% Most of the 19% of candidates are likely to have Python skills.

% Second 12% of candidates are likely to have SQL skills.

*+ And then 5% of candidates are likely to have machine learning skills.

Correlation Matrix:

Salary | Job No. Reviews | Rating | Date | Revenue| Employees |

typ of since

e skills poste

d
Salary 0.53543| 0.3449 0.0215| 0.0705

Job type 1.0000| 0.3070 0.0154| 0.0800

No. of skills 0.3070 | 1.0000 0.0669 | 0.0256

Reviews 0.0878 | 0.0581 0.0839( 0.0180| 0.2870

Rating 0.0154| 0.0696 1.0000| 0.0173| 0.2875

Date Since 0.0800| 0.0256 0.0173| 1.0000| 0..0260

Posted
Revenue 0.1100| 0.1215 0.2875| 0.0260| 1.0000

Employees 0.0778 | 0.0853 0.0436| 0.0313| 0.7120




Relation between Number of skills and Salary:

No. of skills

NO. of skills

80000
= No. of skills 4

Conclusion:

%+ Salary is dependent on Number of skills.

% If we acquire minimum of 10 skills, then we can get a salary up to Rs.160000 per

month.

% If we acquire minimum of 4 skills, then we can get a salary up to Rs.80000 per month.
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STATISTICAL TEST

Normality Test:

In statistics. normality tests are used to determine if a data set is well-modeled
bya normal distribution and to compute how likely it is for a random variable underlying the
data set to be normally distributed.

An important decision point when working with a sample of data is whether to
use parametric or nonparametric statistical methods.

Parametric statistical methods assume that the data has a known and specific
distribution, often a Gaussian distribution. If a data sample is not Gaussian, then the
assumptions of parametric statistical tests are violated and nonparametric statistical methods
must be used.

There are a range of techniques that you can use to check if your data sample
deviatestrom a Gaussian distribution, called normality tests.

In this tutorial, you will discover the importance of checking whether a data
sample deviates from the normal distribution and a suite of techniques that you can use to

evaluate your data sample.

Conclusion:

Before you can apply the statistical tests, you must know how to interpret the

results.Each test will return at least two things:

« Statistic: A quantity calculated by the test that can be interpreted in the context of the

test by comparing it to critical values from the distribution of the test statistic.

« p-value: Used to interpret the test, in this case, whether the sample was drawn from a
Gaussian distribution.

Each test calculates a test-specific statistic. This statistic can aid in the interpretation of the
result, although it may require a deeper proficiency with statistics and a deeper knowledge of
the specific statistical test. Instead, the p-value can be used to quickly andaccurately interpret

the statistic in practical applications.
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T'he tests assume that the sample was drawn from a Gaussian distribution.
Technicallythis is called the null hypothesis, or HO0. A threshold level is chosen called

alpha. typically 5% (or 0.05), which is used to interpret the p-value.

Test Statistics:
P = alpha: reject HO, not normal.
p > alpha: fail to reject H0, normal.
Statistical Hypothesis:
Ho: The data is normally distributed.
V/s
Hi: The data is not normally distributed.
A result above 5% does not mean that the null hypothesis is true. It means
that it is very likely true given the available evidence. The p-value is not the probability

of the data fitting a Gaussian distribution; it can be thought of as a value that helps us
interpretthe statistical test.

Conclusion: From the Normality test, we conclude that the dataset is normally distributed.

Chi-square Test:
Chi- square Test Analysis:

Testing independence of salary and numbers of skills acquire

Hypothesis:
HO: Salary is independent on number of skills acquire.

H1: Salary is not independent on number of skills

Chi-square statistic: 468.4970, a=0.05, p-value: 0.4014¢-94
p-value <0.05

Therefore, Reject HO at 5% level of significance.

Conclusion:

Salary is dependent on number of skills acquire.




CLASSIFICATION ALGORITHMS

K -Nearest Neighbour Classifier (KNN)

K nearest neighbour, also known as the KNN algorithm, is a non-parametric
algorithm that classifies data points based on their proximity and association with other
available data. This algorithm assumes that similar data points can be found near each
other and classifv the new data on the basic of similarity.

Classification Report:

Precision Recall F1-Score Accuracy

0.63 0.63 0.64 0.63

Confusion Matrix:

i
2

Predicled L abel

Conclusion: 63% predicted values are correctly classified with 37% misclassification rateby
KKN classifier.




B Y EEMEBEE B B B B R IR RN I RN A S S N N

Naive Baves Classifier

Naive Baves models are a group of extremely fast and simple classification

algorithms that are often suitable for very high-dimensional datasets.

Classification Report:

Precision Recall F1-Score

0.60 0.30 0.30

Confusion Matrix:

Predicted Lade

Conclusion: 52% predicted values are correctly classified with 48% misclassificationrate

by KKN classifier.
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Multinomial Logistic Regression

Multinominl Logistic Regression Equation:-

he log odds equation is given byln{PlJob Type“data engineer”| / P[ Job_Type="data
analy st

1.786788e+12 (-94.110373*8alary) +( -0.2546847520*No_of_Skills)
UL T2040 9  Review) +(0,716845782*Rating) + ( ~34800855*Date_Since
_Posted) ' (-0..653499%9*Revenue) + (-0.26275013816*python) + (0.160
WHEOHHOT 4 aql) + (0.305291823962*machine_learning)+ (0.1551134213
SUtE) 4 (=0.16507235803*Hadoop) + (0.605284778757*tableau) + (0.446%
L2 7hdb4sas) + (-0.141644143446*spark) + (-0.500249357005*Java+ (0.
HIAT22'CRA) 4+ (=0.14146969831*other)

Ln{PlJob_Type="data scientist”] / P[ Job_Type="data analyst”|}=

1.786788e+10+(3.743362*Salary)+( -348171081*No_of_ Skills)+ (3.9
77626*Review)+( 0.106825570*Rating) + ( 0.41985682*Dat¢_81ncq_Po
sted) + (-0.207657904*Revenue) + (0.4124702293*python)+ (-0.1236585
0.786*sql) +(0.546522462413*machine_learning)+(0.159964645875*r
Y4 (-0.12063306122*Hadoop) +(0.128535561870*tableau) +(0.23787449
8345*sas)+(-0.12330515878*spark)+(-0.31270734742*Java+ (-0.6645
3337159*other)

Confusion Matrix:

0 1 2
Predicted Label

Conclusion: 79% predicted values are correctly classified with 21% misclassificationrate
by Multinomial Logistic Regression classifier.




Decision Tree Classifier

o Decision tree induction is the learning of decision trees from class-labeled
training tuples. From the decision tree classifier summary, Variable importance are {machine
learning. Salary. Number of Skills. spark. python, r, hadoop, java, Other_states, sas}.

Decision Tree:

sql<=0.5
gini = 0.644
samples = 4572
value = [1448, 1079, 2045]
class = data scientist

Salary <= 110000.0
gini = 0.628
samples = 2744
value = [1320, 856, 568]
class = data analyst

yEoamE isas <=0.5
eyt gini = 0.627

=1189
g samples = 1555
v, o |2'a1n033l’ygt4] value = [318, 753, 484]
class = class = data engineer

gini =(0.662 ~..gint = 0,394
samples = 1029
value = [299, 333, 397]
class = data scientist




Cost complexity pruning:

Decision trees can casily overfit. One way to avoid it is to limit the growth of trees by setting
constraints. We can limit parameters like max depth. min samples, etc. This helps to

Improve test accuracy and get a better model.

Classification Report

Precision | Recall Accuracy

Roc Curve

0.70 069 0.70

Confusion Matrix:

§
§

1
Predicted Label

by Decision Tree classifier.

085

Conclusion: 70% predicted values are correctly classified with 30% misclassificationrate




3 Random Forest Classifier

| Random forest is another flexible supervised machine learning algorithm
) | used for both classification and regression purposes. The "forest" references a collection of
) | uncorrelated decision trees, which are then merged to reduce variance and create more

accurate data predictions.

Classification Report:

Precision Recall F1-Score Accuracy Roc Curve

0.81 0.80 0.81 0.81 0.93

Confusion Matrix:

Actual Label

1
Predicted Label

Conclusion: 81% predicted values are correctly classified with 19% misclassificationrate
by Random Forest classifier.




SUPPORT VECTOR MACHINE

In machine learning. SVM is used to classify data by finding the optimal

decision boundary that maximally separates different classes. It aims to find the best
hyperplane that maximizes the margin between support vectors, enabling effective

classification even in complex. non-linear scenarios.

Classification Report:

[ Precision | Recall F1-Score Accuracy

0.54 0.47 0.60

Confusion Matrix:

Actual Label

1
Predicted Label

Conclusion: 60% predicted values are correctly classified with 40% misclassificationrate

by Support Vector Machine classifier.
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Classification Report

Classifiers | Accuracy

' "ﬁRéEaii”W"'J_';rﬁ-séore

Precision

KNN T 0.63

Naive Baves 0.52

Logistic Regression ‘

Decision Tree

Random Forest

SVM

Classification Report:

Performence of Classifier

0.81 0.8

KNN Naive Bayes  Logistic Decision e
Regression Tree Forest

® Accuracy ®Precision ®Recall ®Fl-score

Conclusion: From above we conclude that Random Forest model gives highest (81%)

accuracy of classification, were as logistic regression gives 79% accuracy.




Receiver Operating Characteristic

Receiver Operating Charactenstic (ROC) Curves

o
>

True Positive Rate

o
E

KNN (AUC = 0.84)

Multinomial Logistic Regression (AUC = 0.91)
Naive Bayes (AUC = 0.89)

Random Forest (AUC = 0.93)

SVM (AUC = 0.91)

Decision Tree (AUC = 0.85)

Random Guessing

04 06
False Positive Rate

Conclusion:
Random forest model gives highest accuracy (93%) of classification, whereas logistic

regression gives (91%) accuracy.




PRINCIPLE COMPONENTS ANALYSIS

Explained Variance Ratio by ('?T??ffmfs,, )

Explained Vanance Ratio

4 5
Number of Components

Machin Hadoop
e

learnin
g

0.134 0.0498 0043

Conclusion:

We extracted 4 components from 9 components which covers maximum variation
within dataset. This conclude that SQL, Python, R, and Machine learning are most

preferable software for job Data Analyst, Data Engineer and Data Scientist.
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CONCLUSION

From our analysis . we can suggest that the most important skills for the candidates
are SQL. Python. R. and Machine learning so that they can acquire them and get a

suitable job.

The Random Forest model is the best fit model for our data.

We checked the significant factors are Salary, No. of_Skills, Reviews, Rating,

Date_Since_Posted, Revenue, Employees and location doesn’t affect ourtarget

variable.

Most of the candidates prefer python skill.

Salary is dependent on Number of skills.

Data Scientist is the most prefer job by candidates.

For Data Scientist, the most preferable skills are SQL, python, and tableau. For Data

Analyst, the key skills are python, SQL, and Hadoop. For Data Engineer, key skills are
python SQL and Machine Learning.




FUTURE WORK

* Extend the work and build a web service interface.

% Develop data skill vocabulary by exploring job descriptions instead of a pre-
defined list of words.

% In this proposed work, there is only job recommendations and skill suggestion
for IT jobs. It can be improved by suggesting jobs and skills for the Non—IT
jobs. In the future, some can find a better choice to find similarity than a cosine
similarity. It makes the recommendation more accurate.

O:.

In this project, we only consider three types of jobs.

We only consider the Indeed job dataset. But we can build this model on other Job site
datasets.
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