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Abstract—Mobile applications have become an important part, one of which is the LinkedIn application which is a mobile
application that focuses on the recruitment process, job search and as a professional networking platform which is now
increasingly relevant, especially in Indonesia. The methodology involves data collection, data preprocessing, data labeling, and
application of the Naive Bayes algorithm. Sentiment analysis can be used as a reference to improve the quality of an application
and the level of user satisfaction as well as knowing the number of positive and negative sentiments in user feedback. The 999
data obtained were then divided into 60% training data and 40% test data. In this analysis, negative sentiment outweighs positive
sentiment, with a total of 539 negative reviews and 460 positive reviews. Based on evaluation using the confusion matrix,
accuracy results were 95.74%, precision was 100%, and recall was 91.46%. This research aims to provide insight into the
communication and interaction patterns of LinkedIn users in relation to job opportunities and overall sentiment towards the
platform.
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1. INTRODUCTION

A In an era where everything is digital with the rapid growth of technology having an influential impact, one of
which is that mobile applications have become an integral part of people's lives [1]. With mobile applications you
can access everything quickly and comfortably, users can also connect with the world around them [2]. Mobile
applications have made significant contributions in various contexts, including in the fields of education, health
and work. A mobile application that can help recruitment and job searching is LinkedIn which provides job
information [3].

The LinkedIn application is the third largest online professional networking application that is most widely
used in the world [4]. Founded in 2002 by Reid Hoffman and launched in 2003, it is a professional social media
platform that allows users to build closeness and professional networks [5]. It is a very important aspect in career
management and recruitment to create job opportunities, internships and experiences that strengthen professional
relationships. As well as pursuing the skills needed for future career success [6]. Play Store is an official Google
application that runs on Android-based mobile devices [7]. According to data from Napoleon Cat, there has been
an increase in LinkedIn users in Indonesia by 24.9 million users from January to June 2023. The high number of
LinkedIn users makes it easier to access the information needed. However, the availability of a lot of information
with uncertainty can cause information overload, where users find it difficult to sort out relevant information [8].

Based on Trading Economy data, Indonesia is one of the countries with the highest unemployment rate in
Southeast Asia. In February 2023, the unemployment rate in Indonesia was recorded at 5.45%. According to the
Central Statistics Agency (BPS), there are 7.86 million unemployed people in Indonesia in August 2023, a decrease
of around 6.77% compared to August 2022 [9]. Even though it has decreased, if we look at the previous year,
unemployment in Indonesia has still not recovered to pre-Covid 19 pandemic levels in 2019. This means that there
are still many Indonesians who need jobs to support their families. The Covid-19 pandemic has had a significant
impact on the global economy, including Indonesia. Many business sectors have been forced to stop operations or
reduce the number of employees due to decreased demand and social restrictions implemented to control the spread
of the virus. As a result, many workers have lost their jobs and are having difficulty finding new jobs amidst an
uncertain economic situation.

In facing the challenge of unemployment, the Indonesian government has launched various initiatives and
programs to create new jobs and improve workforce skills. One prominent program is the Pre-Employment Card,
which provides training and financial incentives to job seekers to improve their skills and increase their chances
of finding work. However, government efforts cannot work alone. The role of the private sector and educational
institutions is also very important in creating a work ecosystem that is conducive and relevant to market needs. It
is hoped that collaboration between government, industry and educational institutions can overcome the problem
of unemployment effectively and sustainably. This means that there are still many Indonesian people who need
jobs to support their families. With cooperation and commitment from all parties, it is hoped that the
unemployment rate in Indonesia can continue to decline and the economy can fully recover from the impact of the
pandemic.

Sentiment analysis is a data processing technique for collecting comment data from user reviews in text
form, which is used to analyze the content of the data, in the form of negative or positive views or opinions
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regarding an event. The data obtained in the form of comments or opinions is then analyzed to determine individual
sentiment. The results of this analysis can be used as a benchmark for evaluating an issue or service in the future
[10]. The Naive Bayes method is used to classify user reviews into positive and negative sentiment because this
method is simple, fast, and has a high level of accuracy. This method is based on Bayes' Theorem, which allows
calculating the probability of a hypothesis based on new information. The main advantage of this method is its
ability to handle large datasets with high efficiency, which is especially useful in sentiment analysis where the
number of user reviews can be very large [11].

Previous research has been carried out regarding the application of the Naive Bayes algorithm in analyzing
sentiment. Research conducted by Bobby Kurniadi Widodo, Nur Hafifah Matondang, and Desta Sandya Prasvita
regarding the application of the Naive Bayes algorithm for using the jobstreet application using 1000 datasets
resulted in an accuracy value of 96%, precision 98% and recall 94% [12]. In research conducted by Artanti Inez
Tanggraeni, and Melkior N Sitokdana regarding reviews of E-Government applications with 674 datasets, it
resulted in 89% accuracy, 83% precision, and 87% recall [13]. The Naive Bayes method was also used in research
conducted by Rizky Kurnia Pratama and Putry Wahyu Setyaningsih, who analyzed comments related to
employment using 3929 tweet data. The results of this research show an accuracy of 97%, precision of 92%, and
recall of 99%, confirming the Naive Bayes method as a very effective tool for classifying sentiment in user reviews
[6]. Other research conducted by Oktavia Putri Zusrotun, Alif Catur Murti, and Rina Fiati conducted sentiment
analysis about online learning using the Naive Bayes algorithm with an accuracy of 74.08%. In the model testing
process, the size of the test data is taken as 30% of the training data which is carried out randomly. The model
evaluation carried out in this study used 15 fold cross validation with accuracy results of 76.39% [14].

Based on previous research, this research will investigate public opinion on LinkedIn regarding job
vacancies and user satisfaction levels by applying the Naive Bayes algorithm. This research aims to provide an
insight into the communication and interaction patterns of LinkedIn users in relation to job and career opportunities
and overall sentiment towards the platform. In addition, to determine whether there is positive sentiment or
negative sentiment in user reviews of the LinkedIn application.

2. RESEARCH METHODOLOGY

The research methodology section will be explained systematically as the stages carried out to solve the research
problem. Using the Naive Bayes model, data analysis was carried out as a tool for analyzing sentiment [15]. Figure
1 research flow, below shows the research methodology flow.
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Transform Cases v
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Figure 1. Research Flow
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The initial stage of the research methodology starts from collecting data using web scrapping techniques,
where the data taken is comments from users of the LinkedIn application on the Play Store with the help of Google
Colab [16]. The data obtained from the scrapping results in CSV form is continued to the preprocessing stage for
processing. The preprocessing stage is the data cleaning stage which includes cleansing, tokenizing, transform
cases, and stopwords filter which aims to make it easier for researchers to carry out labeling. After preprocessing,
we then carry out labeling. There are two parts of data in this research, namely training data and test data [17].
Manual data labeling carried out on training data is used to train the model before the model carries out
classification. Meanwhile, test data is used in the Naive Bayes implementation process. The stages of the process
of implementing Naive Bayes involve forecasting data and determining whether the data should be classified as
positive or negative sentiment based on its similarity to past experiences [18]. The final stage of this research is
evaluation, which is to measure the accuracy of the results of the process that has been carried out. By using the
confusion matrix equation you can indicate the accuracy, precision and recall values. Below is the calculation
formula used in the confusion matrix.

TP+TN

Accuracy = —————— (D)
TP+TN+FP+FN
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TP

Precision = 2
TP+FP
Recall = —— 3
TP+FN

3. RESULT AND DISCUSSION
3.1 Data Collection

Data collection was the first stage in this research which was taken using web scrapping techniques using the
Python programming language. This data was obtained on November 21, 2023. Web scrapping is a method used
to collect information in the form of review data with the aim of extracting information [19]. As shown in Figure
2, the data scrapping process is a data retrieval process which begins by accessing the Play Store, then going to
the LinkedIn application to get the link which will later be entered into Google Colab. After that, the data resulting
from the scrapping process is saved in CSV file format and downloaded to proceed to the preprocessing stage.

’ :>m:>t.):>

Play Store Aplikasi Linkedin Google Colab File CSV

Figure 2. Data Scrapping Process

Researchers carried out the process of scraping data from user reviews of the LinkedIn application. Figure 3
Scrapping Data LinkedIn Application Review, below shows data scraping carried out using Google Colab, the
first stage is entering 2 libraries, namely numpy and pandas. Then enter the destination link for the LinkedIn
application, namely ‘com.linkedin.android' and use the latest review category [20]. The data taken was 1000 review
data containing user name labels, ratings, dates and reviews. Then the scrapping data is saved in CSV format. After
the scrapping process is complete, the CSV file will be downloaded to proceed to the preprocessing stage.

[ 1 from google play scraper import Sort, reviews

result, continuation_ token = reviews(
‘com.linkedin.android’,
lang="1id",
country="id",
sort=Sort.MEWEST,
count=1600,
filter score with=HNone

Figure 3. LinkedIn Application Review Data Scrapping
3.2 Data Preprocessing

The preprocessing process aims to clean the data so that the data analysis steps can run smoothly. The tool used in

the preprocessing process is RapidMiner. At this stage, several stages in preprocessing are carried out, including:

a. The first stage is cleansing. The purpose of this operator is to sterilize documents from components that have
nothing to do with document data [21]. In figure 4 of the cleansing stage, the following shows the cleansing
process where the data is tidied up by using the read CSV operator to enter the scrapping data and then
connecting it with the select attributes operator to select the part to be cleaned. Then it is connected with the
replace operator to delete parts of the data such as punctuation, characters, hashtags, mathematical symbols,
emoticons, and unnecessary symbols ([.2,:!1#$+™;* a§%dY 1°@ '@]) will be omitted.

Read CSV Select Attributes Replace
fil } out exa [ 1] exa exa |_":H exa
ori - ori

Figure 4. Cleansing Stage
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Table 1, cleansing results, is the result of the cleansing stage where the data is clean of characters, symbols and

punctuation in the review data.

Table 1. Cleansing Results

Before Cleansing

After Cleansing

Good for job seekers, continue

Very helpful in developing my business.

Apk@ Really Helps the Young Generation Who
Don't Have a Job...

The application is quite good and really helps me
as a company owner. However, it is a shame that
you cannot use digital payments such as GoPay,
Shopee Pay Dana, etc. to pay for advertising or
paid posts.

Login image verification error occurs several
times, please fix it

Sorry in advance to Linkedln, why now if you
add an attachment it often doesn't work. Is this a
bug from LinkedIn please fix it Thank you

Good for job seekers continue

Very helpful in developing my business

Apk Really Helps the Young Generation Who Don't Have
a Job

The application is quite good and really helps me as a
company owner However it is a shame that you cannot
use digital payments such as GoPay Shopee Pay Dana etc
to pay for advertising or paid posts

Login image verification error occurs several times please
fix it

Sorry in advance to LinkedIn why now if you add an
attachment it often doesn't work Is this a bug from
LinkedIn please fix it Thank you

The preprocessing stages shown in Figure 5 are an important foundation in text data processing because each
step plays a role in converting raw data into data that is ready to be analyzed. By going through the process of
cleansing, tokenizing, transform cases, and stopwords filters, text data becomes more structured and
meaningful, allowing for more accurate and effective analysis in subsequent stages. This process is a crucial
step before the data can be used for advanced analyzes such as sentiment analysis, text classification, or other

natural language processing tasks.

Tokenize

Transform Cases

Filter Stopwords (Di...

doc doc = doc

fil

v

Figure 5. Operators in Preprocessing

b. The second stage is tokenizing. The aim of this operator is to separate or break down words per word in a
sentence into individuals, as in table 2 of tokenizing results [22].

Table 2. Tokenizing results

Before Tokenizing

After Tokenizing

Good for job seekers continue

Very helpful in developing my business

Apk Really Helps the Young Generation Who Don't
Have a Job

The application is quite good and really helps me as
a company owner However it is a shame that you
cannot use digital payments such as GoPay Shopee
Pay Dana etc to pay for advertising or paid posts
Login image verification error occurs several times
please fix it

Sorry in advance to LinkedIn why now if you add an
attachment it often doesn't work Is this a bug from
LinkedIn please fix it Thank you

Good, for, job, seekers, continue

Very, helpful, in, developing, my, business

Apk, Really, Helps, the Young, Generation, Who, Don't,
Have, a Job

The application, is quite, good, and, really, helps, me, as,
a company, owner, However, it, is a shame, that, you,
cannot, use, digital, payments, such, as GoPay, Shopee,
Pay, Dana, etc, to, pay, for, advertising, or, paid, posts
Login, image, verification, error, occurs, several, times,
please, fix, it

Sorry, in, advance, to, LinkedIn, why, now, if, you, add,
an attachment, it often, doesn't, work, Is this, a bug,
from, LinkedIn, please, fix it, Thank you

c. The third stage is transform cases. The purpose of this operator is to change every word containing uppercase
letters in the dataset to all lowercase, using the lower case alternative so that all data is uniformly small in size,

as in table 3 of the transform cases results [17].

Table 3. Results of Transform Cases

Before Transform Cases

After Transform Cases

Good, for, job, seekers, continue
Very, helpful, in, developing, my, business

good, for, job, seekers, continue
very, helpful, in, developing, my, business
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Before Transform Cases

After Transform Cases

Apk, Really, Helps, the Young, Generation, Who,
Don't, Have, a Job

The application, is quite, good, and, really, helps, me,
as, a company, owner, However, it, is a shame, that,
you, cannot, use, digital, payments, such, as GoPay,
Shopee, Pay, Dana, etc, to, pay, for, advertising, or,
paid, posts

Login, image, verification, error, occurs, several,
times, please, fix, it

Sorry, in, advance, to, LinkedIn, why, now, if, you,
add, an attachment, it often, doesn't, work, Is this, a
bug, from, LinkedIn, please, fix it, Thank you

apk, really, helps, the young, generation, who, don't,
have, a job

the application, is quite, good, and, really, helps, me,
as, a company, owner, however, it, is a shame, that,
you, cannot, use, digital, payments, such, as gopay,
shopee, pay, dana, etc, to, pay, for, advertising, or,
paid, posts

login, image, verification, error, occurs, several,
times, please, fix, it

sorry, in, advance, to, linkedIn, why, now, if, you, add,
an attachment, it often, doesn't, work, Is this, a bug,
from, linkedIn, please, fix it, thank you

d. The fourth stage is the stopwords filter. The purpose of this operator is to remove irrelevant or unimportant
words that are referenced from the Indonesian stopwords dictionary, such as personal pronouns and
conjunctions, which have no sentiment value, as in table 4 of the stopwords filter results [23].

Table 4. Stopwords Filter Results

Before Stopwords Filter
good, for, job, seekers, continue
very, helpful, in, developing, my, business
apk, really, helps, the young, generation, who, don',
have, a job

After Stopwords Filter
good, job, seekers, continue
very, helpful, in, developing, business

apk, really, helps, the young, generation, have, a job

the application, is quite, good, really, helps, a
company, owner, however, it, is a shame, that,
cannot, use, digital, payments, such, as gopay,
shopee, pay, dana, etc, pay, advertising, or, paid,
posts

login, image, verification, error, occurs, several, times, login, image, verification, error, occurs, please, fix,
please, fix, it it

sorry, in, advance, to, linkedIn, why, now, if, you, add, sorry, in, advance, linkedIn, now, if, add, an
an attachment, it often, doesn't, work, Is this, a bug, from, attachment, it often, doesn't, work, Is this, a bug,
linkedIn, please, fix it, thank you linkedlIn, please, fix it, thank you

3.3 Data Labeling

After completing the Preprocessing process, the next stage is the labeling process on the dataset. Manual labeling
is done by dividing the data into training data and test data. From the scrapping results, 1000 data were obtained,
then the number of datasets changed to 999 review data after going through the Preprocessing stage. Researchers
divided the data in a ratio of 60:40 for training data and test data [24]. A total of 599 data were used for training
data and 400 data were used for test data. Of the 999 data obtained, 599 user comments were manually labeled
positive or negative. The remaining 400 user comments were not labeled for testing in Naive Bayes classification.
The purpose of this labeling is so that each dataset has its own positive and negative sentiments to be used as a
reference, where positive labels indicate comments containing praise or user satisfaction with the application [25].
Meanwhile, negative labels are comments containing complaints or user dissatisfaction with the application, as in
table 5 of sentiment labeling results.

the application, is quite, good, and, really, helps, me, as,
a company, owner, however, it, is a shame, that, you,
cannot, use, digital, payments, such, as gopay, shopee,
pay, dana, etc, to, pay, for, advertising, or, paid, posts

Table 5. Sentiment Labeling Results

Sentiment Review
Positive It is very helpful for finding work and being able to share it with others in the network
Negative  Very difficult to enter login Always returns to the main menu
Positive  Very helpful in professional networking
Negative  It's still difficult to log in and ask me to choose an image that isn't clear
. I joined this application but | think this application is very good and easy to use for looking for
Positive . . . o L ’
relationships and business opportunities as well as for advertising promotions too
The clearest application. | wanted to register for the application but instead | was told to verify the
Negative  puzzle several times for up to a year ~? Please, if you want to make an application, try it first so
that it will be easier for users who want to use it
I hope this application is more flexible in searching for job vacancies, especially more relevant
Positive  keywords and relevance of search results that are more in line with the skills mastered. | hope

there is a job vacancy filter feature that does not require mastering English
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3.4 Algorithm Implementation

JURNAL MEDIA INFORMATIKA BUDIDARMA @

After going through the preprocessing and labeling stages, the next stage is algorithm implementation, using the
Naive Bayes method to develop an algorithm model based on a previously designed model. By using the Naive
Bayes method, you can estimate the probability of similarity between previous experiences and future probabilities
[26]. The use of the Naive Bayes method has shown significant accuracy in handling large amounts of data. Figure
6 training data creation mechanism, showing the training data creation process. Starting by using the read CSV
operator to read the CSV file that has been prepared, then connected with the example filter operator. This operator
is set to the option (is not missing) to filter data that is not missing so that later sentiments that are still empty or
have not been labeled in the training data will be retrieved and processed [27]. Next, to process the data you need
a nominal to text operator so that the document process operator can read and process the data. The process
document operator contains the tokenize operator, transform cases, and stopwords filter. Data analysis is then
carried out using the Naive Bayes operator, and the data is stored in stores called the model store and training data
store.

Read CSV Filter Examples Process Documents f... Naive Bayes Store Model
il 5 t i = . it mod P hi
il = - 1
v Set Role Nominal to Text == e == v
exa ] % exa " exa g exa v v
o o Store Data Latih
v

‘ i3

Figure 6. Training Data Creation Mechanism

After creating the training data, the next steps for implementing Naive Bayes are shown in Figure 7 the
mechanism for implementing Naive Bayes. The stages of implementing Naive Bayes begin with the CSV read
operator and then connected with the examples filter operator to eliminate unnamed or missing data. The nominal
to text operator and the process document operator have the same explanation as in Figure 6. Then the results of
the data analysis in Figure 6, which is called the training data store, are combined together with the process
document operator. Next, it is connected with the replace mising values operator, while the data obtained from the
analysis which is called the store model is connected with the apply model operator together with the data from
the previous analysis or what is called the training data store.

Read CSV Nominal to Text Process Documents f... Replace Missing Values
il | 2 out exa g exa wor = exa
il =
Filter Examples Apply Model
< ari exa war
v v x mad lab:
exa un = mod
Retrieve store data latih
v d
" Retrieve store model_...

c

v
Figure 7. Naive Bayes Implementation Mechanism

After going through the stages of preprocessing, labeling, and implementing Naive Bayes, prediction results
are obtained. In figure 8 the pie diagram, displays a visualization of the results of implementing Naive Bayes in
the form of a pie diagram. From a total of 999 data processed, 460 comments were categorized as positive
sentiment and 539 comments were categorized as negative sentiment. The prediction results are based on the
research conducted, it can be concluded that user opinions regarding the LinkedIn application are generally
negative. This is caused by many users who regret the repeated login verification on the LinkedIn application.

M Positif B Negatif

Figure 8. Pie chart
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Not only that, the results of implementing Naive Bayes can also be visualized in wordcloud form to find
out the words that appear most often and those that are most often used in user reviews. There were 999 review
data used in this research, but the researchers only showed 20 words with the highest frequency. The most frequent
occurrence is the word 'application’ with a total occurrence of 407 words. Due to the many user reviews that regret
the repeated login verification on the LinkedIn application. Figure 9 the results of the wordcloud visualization,
below shows a visualization in wordcloud form where the greater the frequency of words appearing, the larger the
size of the words in the display format.
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Figure 9. Wordcloud visualization results

3.5 Evaluation

The final stage in this research process is evaluation. Evaluation is an important step that aims to measure and
understand the performance of the model that has been built [28]. The main purpose of the evaluation is to find
out the extent to which the model can provide accurate and relevant results according to the data analyzed. By
conducting evaluations, researchers can identify the strengths and weaknesses of the model, and determine whether
the model is suitable for use in real applications or requires further improvement [29]. This research uses the
confusion matrix equation to determine the results of the model evaluation. Confusion matrix is a very useful tool
in classification model performance analysis. The confusion matrix displays the number of correct and incorrect
predictions made by the model compared to the actual values in the dataset. Figure 10 shows the confusion matrix,
which is used in this research to calculate the levels of accuracy, precision and recall. This evaluation provides a
comprehensive picture of the model performance, helping in understanding whether the Naive Bayes model has
classified the data correctly or whether there are many prediction errors.

Positive Negative
40}
= TP FP
‘@
O
o
=
e FN TN
©
Qo
Q
Z

Figure 10. Confusion Matrix

The meaning of the terms used in the confusion matrix is True Positive (TP) if the actual and predicted
class are positive. False Positive (FP) if the actual class is negative and the predicted class is positive. False
Negative (FN) if the actual class is positive and the predicted class is negative. And True Negative (TN) if the
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actual and predicted class are negative. In Figure 11 the confusion matrix mechanism, shows the various operators
used in the confusion matrix calculation process in Rapidminer.

Read CSV Set Role Naive Bayes Performance
il out exa ™ exa tra mad lab % per
‘/ F "’ ori . exa per exa
v v v

Figure 11. Confusion Matrix Mechanism

The confusion matrix mechanism begins with the CSV read operator to enter a file containing prediction
data, then the set role operator is connected to read the prediction (sentiment) column as a label. The split data
operator is used to split the data with a ratio of 60% to 40% and then connected to the Naive Bayes operator and
the apply model operator. Next, the apply model operator is connected to the performance operator to find out the
accuracy results. The results of the confusion matrix process stage produce an accuracy value of 95.74% as shown
in Figure 12 of the confusion matrix results.

accuracy: 95.74%

true Positif true Negatif class precision
pred. Positf 182 0 100.00%
pred. Negatif 17 200 92.17%
class recall 91.46% 100.00%

Figure 12. Confusion Matrix results

By using the confusion matrix equation, the results of calculating accuracy, precision and recall from
sentiment analysis obtained the following results.
TP +TN B 182 + 200 B ﬂ — 0.9573 = 95,749
TP+TN+FP+FN 182+200+0+17 399 TR
Accuracy calculations produce an accuracy of 95.74%, meaning that the model is able to classify the data
as a whole at a very good level.

TP _ 182 _ 182 ~ 1= 100%
TP+FP 182+0 182 ~ _ _ _ o
The precision calculation produces a precision of 100%, which means it shows the model is able to identify

prediction results correctly.
e __182 —g— 0.9145 = 91.46%
TP+FN 182+17 199 =~ =%
The recall calculation produces a recall of 91.46%, which indicates that the model was successful in finding
most of the true positive instances. With high recall, the model tends to be successful in identifying the majority
of positive cases.

Accuracy =

Precision =

Recall =

4. CONCLUSION

After conducting research using data from the Play Store using the Naive Bayes method, we obtained 999 data to
be researched by dividing the data, including 599 data used for training data and 400 data used for test data. Of the
999 data processed, 460 reviews were categorized as positive sentiment and 539 reviews were categorized as
negative sentiment. Conclusions can be drawn in this research by using the Naive Bayes method and confusion
matrix at the evaluation stage to obtain quite high accuracy values, namely reaching 95.74%, precision of 100%,
and recall of 91.46%. The prediction results are based on research conducted that the Naive Bayes and confusion
matrix methods in classifying data have high accuracy. It can be concluded that user sentiment about the LinkedIn
application is generally negative. This research shows that the sentiment analysis of LinkedIn application users
regarding job vacancies tends to be poor, where negative labels are reviews that contain user dissatisfaction. This
is because many users regret the existence of repeated login verification on the LinkedIn application. Suggestions
for future researchers are the need to compare several classification methods to find out which method is the best.
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