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Abstract

In every product sold on the E-commerce platform, there is a review column from consumers who have made transactions on
the products. These reviews are in the form of comments and ratings (stars from one to five) written and given by consumers
based on their assessment of the products purchased. With the product evaluation feature based on the rating, the consumer can
find out how good or bad the quality of the product is. However, a problem arises when some consumers give negative
comments with five stars or vice versa. This causes the product assessment feature based on the rating to be less good so that it
does not represent the real value. Therefore, to determine the quality of the product, sentiment analysis was carried out using the
TF-IDF method and the Naive Bayes Classifier based on reviews from buyers. The data collected is 1000 reviews which are
divided into 700 training data and 300 test data. The next stage is the preprocessing text such as case folding (converting
uppercase letters to lowercase), tokenizing (separating sentences into single words), stopwords (removing tokenizing
conjunctions that have nothing to do with sentiment analysis), stemming (changing words into basic word forms), and word
weighting with TF-IDF. The last step is to classify. Based on the classification results obtained an accuracy rate of 80.2223%.

Keywords: Feature; Product; Sentiment Analysis; TF-IDF; Naive Bayes Classifier

Introduction

In this era, the rapid growth of technology can turn conventional economic principles into the principles of the
digital economy. The digital economy emerged due to an e-marketplace used by companies to sell their products
online. Electronic Marketplace (E-Marketplace) is where buyers and sellers meet to make a transaction virtually [1].
Parties who sell products on e-marketplace sites are called sellers. For every product sold by the seller, there is a
review column from buyers who have made transactions on the product. These reviews are in the form of comments
and ratings (stars from one to five) written and given by consumers based on their assessment of the purchased
products. Each product can have tens, hundreds, even thousands of reviews. This rating-based product assessment
feature enables new buyers to see the product rating from one to five. Through this feature, new consumers can find
out how good or bad the product is. However, there are problems such as, some consumers leave negative comments
but give five-stars rating or vice versa. This can make the product assessment feature based on star ratings less good
so that a product does not represent its true value.

Therefore, sentiment analysis is needed to conclude product reviews accurately and efficiently (apart from the
rating feature). In this study, sentiment analysis was made on the products found on the e-marketplace site based on
product reviews from customers who had made transactions with these products using the TF-IDF and Naive Bayes
Classifier methods. The products used are game products available on the e-marketplace called Shopee.

Several studies have been conducted in sentiment analysis on e-marketplaces using Naive Bayes, such as Fiarni
et al. who did sentiment analysis on an online store based on store reviews using the Naive Bayes method [2]. The
sentiment is categorized into 3 classes, called positive class, neutral class and negative class. The data were taken
from the results of online store reviews provided by customers through Facebook. The number of review data
obtained was 1442 reviews. The objects reviewed were materials, products, prices, quality, design, service,
exhibition space and the general public. The results of the study obtained an accuracy rate of 89.21% [2]. However,
at the preprocessing text stage of her research, the stopword and word weighting stages were not carried out, so that
in this study, those stages were added to the preprocessing text process.

Muthia conducted a sentiment analysis on a restaurant in Indonesia based on customer reviews using Naive
Bayes. The review data was obtained from the restaurant website and the Zomato website. From the results of the
study obtained an accuracy rate of 86.50% [3]. However, at the preprocessing text stage of her research, she only did
tokenize.
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Furthermore, Sari conducted a sentiment analysis on the e-marketplace called JD.id, based on the results of a
review from Twitter social media using the Naive Bayes Classifier. Sentiment is categorized into three classes,
called positive class, neutral class and negative class. In her research, there is a feature of converting emoticons into
sentiment classes in tweets. Her research obtained an accuracy rate of 96.44% [4]. However, the data used is limited
because it has to use emoticons.

Based on the results of previous studies, it was found that the Naive Bayes method is a good method used in
classifying sentiments. Therefore, in this study, the Naive Bayes method was used in classifying game product
sentiment on the Shopee e-marketplace.

Method
This study used the Naive Bayes method to classify the results of game product reviews in the Shopee marketplace

comments.
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Figure 1. Research Framework

Based on Figure 1, the first stage is to collect data used as training and test data. The next stage is the Text
Preprocessing stage. After the Text Preprocessing process is carried out, word weighting is carried out using the TF-
IDF calculation, the TF-IDF calculation results from the word weighting stage are used to classify sentiments using
the Naive Bayes Classifier algorithm.

A. Data Collection

At this stage, the data used comes from reviews on products on the Shopee site as many as 1000 review data.
After collecting data, then the data is divided into 700 training data and 300 test data. The next step is to preprocess
the text data to be processed at the next stage.

B. Text Preprocessing

At this stage, preprocessing is carried out to clean the data from noise and inconsistent data. The preprocessing
text stages used are case folding, tokenizing, stopword and stemming [5]—[7]. At the case folding stage, the text that
contains uppercase letters is converted into lowercase letters. After that, the tokenizing stage is carried out, that is
separating sentences into single words.

After a single word is formed from tokenizing, the next step is to do stopword removal on the word resulting
from tokenizing, which is checking every word resulting from tokenizing, such as if there are conjunctions or other
words that are not related to sentiment analysis, they will be removed. The last stage in preprocessing is to do
stemming, which changes the stopword results into the basic word form. After the preprocessing stage is complete,
the word weighting is carried out.

C. Word Weighting

Word weighting is the process of assigning values to all words in the review data that have passed the
preprocessing text process. The weighting is carried out using the TF-IDF method as in equations (1) and (2). The
value (weight) is entered in the classification stage [8]-[10]. The steps in calculating word weights that must be
carried out are as follows:
e  Counting the number of Term Frequency (TF) per word

At this stage, the number of Term Frequency (TF) is calculated by separating sentences into one word and each
word is given a value of 1.
e  Counting the number of document frequency (DF) per word

At this stage, the document frequency (DF) is calculated by adding up the TF values for each word.

e Calculate the number of inverse document frequency (IDF)
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After calculating the TF, the next step is to calculate the inverse document frequency. The following is the
formula for Inverse Document Frequency (IDF).

IDF(w) = log (DFI\(]W)) 1

e (Calculating the weight
The next step in the TF-IDF stage is to calculate the weight of each word. To get the weight, multiplication of
the TF value with IDF is the same as the equation 2.

D

After the weighting is done, then the test data classification is carried out based on the word-weighted data using
the Naive Bayes Classifier method.

D. Naive Bayes Classifier

Naive Bayes is a classification algorithm using conditional probabilities to calculate the probability of an event
being selected into a certain class [11], [12]. To calculate the conditional probability, the TF-IDF method is used to
use the word weighting result feature.

To calculate the probability depends on the number of classes and the number of features. For example, there are
three categories; positive (C_1), neutral (C_2) and negative (C_3) with n word features G1, G2, ... Gn. If there is an
event x, then the probability of x to enter the three classes can be calculated as in equations (3), (4) and (5).

Pr(Cy|x) = Pr(Cy) = Pr(G,|Cy) * Pr(G,|Cy) * -+ * Pr(G,|Cy) 3)
PT(C2|x) = PT’(CZ) PT(G1|C2) * PT(G2|C2) Hoeee ok PT(Gn|C2) “4)
Pr(C3|x) = Pr(Cs) PT(G1|63) * PT(G2|C3) oo x PT(Gn|C3) Q)
Where

Doc;
Pr(C,) = |Doc;|

|sample|
Ny + 1

PrG,IC) = 5

Pr(C;) is the probability that class i will appear, |Doc;| is the number of documents that go to class i,
|sample] is the number of documents in the sample used for training, Pr(G,|C;) is the probability of the appearance
of the n word feature if given class i, n, is the frequency of occurrence of the word G,, in documents that have class
i, n is the number of all words that include in in class i,|v| is the number of words in the training sample.

To get the value of the conditional probability, a probability density function (pdf) is used in each category [13].
The results of the Naive Bayes classifier are vectoring whose contents are category probability values for each test
data.

Results and Discussion
The data collected in this study is a data review of game products on Shopee about 1000 data and divided into 700
training data and 300 test data. The sample data is shown in Table 1.

Table 1. Example of Shopee Customer Review Data (5 out of 1000 data)
No. Comments (Review)

The quality of the real product is as good as the description, thanks to the Seller and Shopee.

The product is nice. The delivery is fast and safe with extra bubble wrap package.

The quality of the real product is not as good as the description, already texted the seller for many times but still
not received a response. not a recommended seller

The quality of the product is acceptable, but not packaged sufficiently.

Thank you, the package has arrived safely. Product works normally.

DB W N —

After that, to process the review data, preprocessing text was carried out first. The preprocessing stage is divided
into 4 parts: the case folding stage, the tokenizing stage, the stopword removal stage, and the stemming stage. The
results of case-folding are shown in Table 2.
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Table 2. Results of Case Folding Processing (5 out of 1000 Data)

Kode Comments (Review) Case Folding
DI The quality of the real product is as good as the | The quality of the real product is as good as the
description, thanks to the Seller and Shopee. description, thanks to the Seller and Shopee.
D2 The the product is nice. The delivery is fast and safe | The product is nice. The delivery is fast and safe
with extra bubble wrap package. with extra bubble wrap package.
The quality of the real product is not as good as the | The quality of the real product is not as good as the
description, already texted the seller for many times | description, already texted the seller for many
D3 : . . . .
but still not received a response. not a recommended | timesbut still not received a response. not a
seller recommended seller
The quality of the product is acceptable, but not | The quality of the product is acceptable, but not
D4 . .
packaged sufficiently. packaged sufficiently.
D5 Thank you, the package has arrived safely. Product | Thank you, the package has arrived safely. Product
works normally. works normally.

An example of tokenizing results is shown in Table 3.

Table 3. Case Tokenizing Results (5 out of 1000 Data)

Code Case Folding Tokenizing
DI The quality of the real product is as good as the | [The, quality, of, the, real, product, is, as, good, as,
description, thanks to the Seller and Shopee. the, description, thanks, to, the, Seller, and, Shopee.]
D2 The product is nice. The delivery is fast and safe with | [The, product, is, nice, The, delivery, is, fast, and,
extra bubble wrap package. safe, with, extra, bubble, wrap, package]
The quality of the real product is not as good as the | [The, quality, of, the, real, product, is, not, as, good,
description, already texted the seller for many times | as, the, description, already, texted, the, seller, for,
D3 ; . . ) .
but still not received a response. not a recommended | many, times, but, still, not, received, a, response, not,
seller a, recommended, seller]
The quality of the product is acceptable, but not | [The, quality, of, the, product, is, acceptable, but, not,
D4 . 8
packaged sufficiently. packaged, sufficiently]
Thank you, the complete package has arrived safely. | [Thank, you, the, complete, package, has, arrived,
D5
Product works normally. safely, Product ,works, normally]

Examples of stopword removal results are shown in Table 4.

Table 4. Results of Stopword Removal (5 out of 1000 Data)

Code Tokenizing Stopword Removal
[The, quality, of, the, real, product, is, as, good, as, the, .

D1 description, thanks, to, the, Seller, and, Shopee.] [package, as good as, description, thank you, seller, shopee]
[The, product, is, nice, The, delivery, is, fast, and, safe, . .

D2 with, extra, bubble, wrap, package] [the product, nice, delivery, fast, safe, bubble, wrap, extra]
[The, quality, of, the, real, product, is, not, as, good, as,

D3 the, description, already, texted, the, seller, for, many, | [package, as good as, description, seller, texted, many,
times, but, still, not, received, a, response, not, a, | times, response, not received, not, recommended, seller]
recommended, seller]

[The, quality, of, the, product, is, acceptable, but, not, .

D4 packaged, sufficiently] [acceptable, product, but, not, packaged, sufficiently]

D5 [Thank, you, the, complete, package, has, arrived, safely, | [thank you, package, complete, safe, product, works,
Product, works, normally] normally]

Examples of stemming results are shown in Table 5.

Table 5. Stemming Results (5 out of 1000 data)

Code Stopword Removal

Stemming

Dl

[package, as good as, description, thank you, seller, shopee]

[package, as good as, description, thank you, seller, shopee]

normally]

D2 [the product, nice, delivery, fast, safe, bubble, wrap, extra] [the product, nice, delivery, fast, safe, bubble, wrap, extra]

D3 [package, as good as, description, seller, texted, response, | [package, as good as, description, seller, texted, many,
many, times, not received, not, recommended, seller] times, response, not received, not, recommended, seller]

D4 [acceptable, product, but, not, packaged, sufficiently] [acceptable, product, but, not, packaged, sufficiently]

D5 [thank you, package, complete, safe, product, works, | [thank you, package, complete, safe, product, works,

normally]

E-ISSN 2548-7779

After the preprocessing stage is complete, then labels are made on the data, which called positive labels (1),
neutral labels (0) and negative labels (-1). The examples of training data and test data after preprocessing and
labeled are shown in Table 6 and Table 7.
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Table 6. Example of Training Data (4 out of 700 Data)

Code Before Preprocessing After Preprocessing Label

DI The quglity of the real product is as good as the | [package, as good as, description, thank | Positiv
description, thanks to the Seller and Shopee. you, seller, shopee] e

D2 Tl_le product is nice. The delivery is fast and safe | [the product, nice, delivery, fast, safe, | Positiv
with extra bubble wrap package. bubble, wrap, extra] e

The quality of the real product is not as good as the [package, as good as, description, seller,

description, already texted the seller for many times . Negati
D3 . . texted, many, times, response, not
but still not received a response. not a recommended - ve
seller received, not, recommended, seller]
The quality of the product is acceptable, but not | [acceptable, product, but, not, packaged,
D4 . . Neutral
packaged sufficiently. sufficiently]
Table 7. Sample Test Data (1 out of 300 Data)
Code Before Preprocessing After Preprocessing Label
D5 Thank you, the complete package has arrived | [thank you, package, complete, safe, product, |
safely. Product works normally. works, normally] i

Table 6 is 4 of 700 training data that has been collected, while Table 7 is test data that still have no label. After
that, word weighting was carried out on the training data and the preprocessing test data using the TF-IDF method as
shown in Table 8.

Table 8. Example of Making Frequency Term (TF)

Words TE DF
D1 D2 D3 D4
Safe 1 1
Good 1 1
Nice 1 1
Product 1 1 1 3
bubble 1 1
Package 1 1
Fast 1 1
Texted 1 1
Try 1
But 1 1
Description 1 1 2
Extra 1 1
Times 1 1
Send 1 1
Condition 1 1
acceptable 1 1
not 1 1
Package 1 1
Order 1 1
recommended 1 1
response 1 1
seller 1 1 2
As good as 1 1 2
Shopee 1 1
sufficient 1 1
Received 1 1
Thank you 1 1
Wrap 1 1

The next step is to classify the test data using the Naive Bayes classifier method. The Naive Bayes calculation
process can be seen in Table 9 and Table 10.
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Table 9. Example of the formation of Pr(G,|C;)

C; Positive Neutral Negative

Sentiment Sentimen Sentiment

Ny n Ny n Ny n

1 14 1 5 1 10
v] 29 29 29
Pr(G,|C) 1 1 1
43 34 39

Based on Table 9, for example, if the number of k"

words in the positive category document

(ny) is 1, all the words in the document that have a positive category (n) are 14 and the number of words in the
training sample (|v|) is 29, then the probability of the appearance of the word G, is given a positive class

(Pr(GnlCi)) is é, In the same way, it is also carried out on the neutral and negative sentiments as in Table 9. The

next step is to calculate the probability of each word in the training data for each class, as shown in Table 10.

Table 10. Probability of each word if given the i class

Gy Pr(G,|C;)
g 2 1 . 1
Positif P(C,) = . Netral P(C,) = 2 Negatif P(C3) = .

Safe i i i
43 34 39
Good i i i
43 34 39
Nice i i i
423 324 329
Product — — —
43 34 39
bubble i i i
43 34 39
Package i i i
43 34 39
2 1 1
Fast — — —
43 34 39
Texted l i i
43 314 39
1 1
T — — —
v 3 34 39
But l i i
43 34 39
.. 2 1 2
Description — — —
43 34 39
2 1 1
Extra — — —
43 34 39
. 1 1 2
Times — _ -
43 34 39
Send i i i
43 34 39
Condition i i i
43 34 39
1 2 1
acceptable — — —
43 34 39
1 1 2
not —_ — -
43 34 39
Package i i i
43 34 39
Order i i i
43 34 39
recommended i i i
43 34 39
1 1 2
response — — —
43 34 39
2 1 3
seller — — —
423 314 329
As good as — — —
43 34 39
Shopee i i l
43 34 39
sufficient i i i
43 34 39
Received i i i
43 34 39
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Gn Pr(Gnlci)
Positif P(C;) == | Netral P(C;) = | Negatif P(C3) =7
2 1 1
Thank you a E) 39
Wra 2 1 1
i 13 34 39

The calculation of the probability of each word if given the i

th

class, in Table 10 is calculated using the

calculations as in Table 9. The next step is to classify using the test data in Table 7. The calculation of the
probability with a positive class if given test data (Table 7) using equation (3) is as follows:

Pr(C,|x) = Pr (C;) X Pr(Thank you|C;) X Pr(Package|C,;) X Pr(Complete|C,) X Pr(Safe|C;) X
Pr(Product|C;) X Pr(Works|C,) .X Pr (normally|C,)

=222 L = 1=16555.10"11.
4'43°43743°43743743743

The calculation of probability with neutral class if given test data (Table 7) using equation (4) is as follows:

Pr(C,|x) = Pr (C,) X Pr(Thank you|C,) x Pr(Package|C,) X Pr(Complete|C,) X Pr(Safe|C,) %

Pr(Product|C,) X Pr(Works|C,) .x Pr (normally|C,)

44— = 1 =047597.1071

4'34"34°34"34°34"34 34
The calculation of the probability with a negative class if given test data (Table 7) using equation (5) is as follows:
Pr(Cs|x) = Pr (C3) X Pr(Thank you|C;) x Pr(Package|C;) X Pr(Complete|C;) X Pr(Safe|C;) %
Pr(Product|C3) x Pr(Works|C3) .x Pr (normally|C3)
.11 =0,18217.107",

From these results it can be seen that Pr(C;|x) as the greatest probability value compared to the other classes so
that the test data given is classified into a positive class. The results of the classification with Naive Bayes as a
whole are shown in Table 11.

Table 11. Prediction results of test data

Prediction
Negative | Neutral | Positive
Negative 74 20 4
Actual Neutral 0 3 0
Positive 19 46 134

Based on Table 11, negative sentiments in actual conditions predicted to be negative are 74, neutral predictions
are 20 and positive predictions are 4. Positive sentiments in the actual situation predicted to be negative are 19,
predicted neutral are 46, and positive prediction are 134. To evaluate, the next step is to first transform the confusion
matrix in Table 11 into a confusion matrix with 2 classes shown in Tables 12, 13 and 14.

Table 12. Prediction Results for Negative Class

Prediction
Label Negative | Not Negative
Actual Negative 74 24
Not Negative 19 183

Table 13. Prediction Results for Neutral Class

Prediction
Label Neutral Not Neutral
Actual Neutral 3 0
Not Neutral 66 231

Table 14. Prediction Results for Positive Class

Prediction
Label Positive Not Positive
Actual Positive 134 65
Not Positive 4 97

After that, the test results were evaluated by calculating the value of precision, recall, f1 score and accuracy in
each category using (6), (7), (8) and (9) [14]-[16].

TP
TP+FP

precision = X 100%

(6)

Kosasih & Alberto (Sentiment analysis of game product on shopee using the TF-IDF method and naive bayes classifier)



108 ILKOM Jurnal Ilmiah Vol. 13, No. 2, August 2021, pp. 101-109 E-ISSN 2548-7779

TP
recall TPIFN >T<P1(T)1El)% .
accuracy = m X 100% "
f1 score = 2Xprecisionxrecall i

precision+recall

In Table 9 for the negative class, TP (Negative predicted negative) = 74, FP (Negative predicted not negative) =
24, TN (Not negative predicted not negative) = 183, FN (Not Negative predicted Negative) = 19. Based on the
results, the calculated precision, recall and accuracy for Table 9 are as follows:

TP 74
pFECiSiOI'll = TP—-}-FP X 100% = 74—_}_24 X 100% = 75,51%
TP
= —X 0fy = X 0fy — 0,
recall; TP+ FN 100% 74119 100% = 79,569%
- TP+ TN x 100% = 74+ 183 x 100% = 85,667%
ACCUrAYL = Tp Y TN + FP + FN = 741183+ 24+ 19 0= 9900770

In Table 10 for the neutral class, the value of TP (Neutral is predicted to be neutral) = 3, FP (Neutral is predicted
to be neutral) = 0, TN (Not neutral is predicted to be not neutral) = 231, FN (Not Neutral is predicted to be Neutral)
= 66. Based on the results, the calculated precision, recall and accuracy for Table 10 are as follows:

T
isi = 0 = 0 = 0,
precision, TTPP TP X 100% 370 X 100% = 100%
I, = ———x100% = x 100% = 4,3479
reca2 = Tp I EN % 3+ 66 % %
TP+ TN 100% = % 3 +231 100% = 78%
= X = = X =
ACCUTaAY2 = Tp Y TN + FP + FN T T 34 231+0+66 0 0

In Table 11 for the positive class, the value of TP (Positive predicted positive) = 134, FP (Positive predicted not
positive) = 65, TN (Not positive predicted not positive) = 97, FN (Not Positive predicted positive) = 4. Based on the
results, the calculated precision, recall and accuracy for Table 11 are as follows:

TP 134
precisions = m———=x 100% = -—————= X 100% = 67,336%

TP + FP 134+ 65
I, = ———— x 100% = ———— x 100% = 97,1019
recall; TP T FN 00% 3414 00% =97,101%
= TP+ TN X 100% = 134497 100% = 779
ACCUracys = Tp I TN + FP + FN = 134197+ 4+65 0=/

After obtaining the values of precision, recall and accuracy for each class, then the average of precision, recall
and accuracy is calculated using equations (10), (11) and (12) [17].

Kk .
Yi—q Precision;

Average of Precision = = (10)
k .
Average of Recall = m (11)
K .
Average of accuracy = w (12)

Based on the equation (9), (10), (11) dan (12) then obtained
o 75,51% + 100% + 67,336%
Average of Precision = = 80,94867%

3
79,569% + 4,347% + 97,101%
Average of Recall = =60,339%

3
85,667% + 78% + 77%
Average of accuracy = 3 = 80,2223%

2 X Average of Precision X Average of Recall 2 X 80,94867% X 60,339%
Average of Precision + Average of Recall "~ 80,94867% + 60,339%

f1 score = =0,691372
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Conclusion

Today, online shopping is very popular among people because it enables consumers to make purchases without
going to the actual shop. The consumers usually see first the reviews and ratings given from previous buyers to
know the quality of the product. However, errors often occur in rating, such as buyers leave negative comments but
give five stars or vice versa. This makes the product rating feature based on star ratings less good. Therefore,
another method is needed to find out the quality of these products, such as conducting sentiment analysis using the
TF-IDF and Naive Bayes Classifier methods based on reviews from buyers to conclude reviews of the product
appropriately efficiently (apart from the rating feature). The data collected were 1000 game product reviews on the
online shopping site Shopee, divided into 700 training data and 300 test data. Based on the study results obtained an
accuracy rate of 80.2223% and an f1 score of 0.691372. For further research as a comparison, sentiment analysis
will be carried out using the K Nearest Neighbor (KNN) and Convolutional Neural Network (CNN) algorithms. The
sentiment analysis dataset is available at http://rifki kosasih.staff.gunadarma.ac.id/Downloads/files/91288/dataset-
comment-product-category-gaming.csv.
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