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ABSTRACT

Online customer evaluations and social media information among a variety of information sources are critical for
businesses as it influences the customer’s decision making. There are limitations on the time and money that the survey
will ask to identify a variety of customers' needs and complaints. The customer review data at online shopping malls
provide the ideal data sources for analyzing customer sentiment about their products. In this study, we collected product
reviews data on the smartphone of Samsung and Apple from Amazon. We applied five classification algorithms which are
used as representative sentiment analysis techniques in previous studies. The five algorithms are based on support vector
machines, bagging, random forest, classification or regression tree and maximum entropy. In this study, we proposed
entropy score which can comprehensively evaluate the performance of classification algorithm. As a result of evaluating
five algorithms using an entropy score, the SVMs algorithm's entropy score was ranked highest.
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I. INTRODUCTION

Sentiment Analysis is a technique for analyzing

subjective data such as attitudes, opinions, and
tendencies of people in text. Social media data is raw
data that consumers express voluntarily, so it is a
marketing indicator that can best grasp consumer's
opinion[1]. Sentiment classification techniques can
provide critical information to business decision makers
because they better understand the customer's feelings,
opinions, and satisfaction. In this study, we collected
customer review data written for a particular smart
phone from Amazon to analyze the sentiment of the
product. Five typical classification algorithms were used
to categorize the sentiment of customers and to compare
classification performance. There are various evaluation
scales such as accuracy, precision and recall as the
performance evaluation scale of the classification
algorithm, but there is no evaluation scale that can
comprehensively evaluate these evaluation scales.
Therefore, in this study, we proposed entropy score
which can comprehensively evaluate various evaluation
scales by applying shannon's entropy concept. Based on
the entropy score proposed in this study, we evaluated

the entropy result of five classification algorithms.

II. SYSTEM MODEL AND METHODS

In this study, we used the research framework as
shown in Fig. 1 to conduct sentiment analysis of product
review data created by customers who purchased
smartphone at Amazon shopping mall.

We performed web crawling to collect product's
review data from Amazon shopping mall. We have taken
a special care in extracting the data from web pages
smallest necessary data is extracted for processing. The
list of items that we have extracted is review title, user
review, rating and date of review. The data extracted
need to be cleaned so that we get proper text review on

which analysis can be performed. The product review’s

polarity is the rating the user provides for that review.
The positive reviews are those with rating 5 stars and 4
stars. Neutral reviews are those with rating 3 stars and
negative reviews are those with rating 2 stars and 1 star.
The review data was classified into test set and training
set, and five classification algorithms were applied to
categorize sentiment. The entropy score was calculated
by using the entropy score which can take into account
various evaluation scales and the classification performance

of the individual algorithms was evaluated.
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Fig. 1 Research framework

The outline of the five algorithms used in sentiment
classification in this study is as follows.

Random forests are a combination of tree predictors
such that each tree depends on the values of a random
vector sampled independently and with the same
distribution for all trees in the forest[2]. The strength of
random forests method is that it is useful for detecting
outlier, identifying important factors, or discovering
patterns in data.

Maximum Entropy Classifier always tries to
maximize the entropy of the system by estimating the
conditional distribution of the class label[3]. This
method provides a probability density function that
maximizes the uncertainty based on what information is
given, so that the uncertainty can be estimated
quantitatively.

Decision tree induction has been extensively used in

many areas such as statistics and machine learning for
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the purposes of classification and prediction[4]. Decision
trees can be used in any case for classification or
prediction purposes, but they are more useful when an
description of the process is needed rather than the
accuracy of the analysis.

Support Vector Machines are pattern classifiers that
can be expressed in the form of hyper-planes to
discriminate positive instances from negative instances[5].
The classification and regression technique using SVM
is widely used in various fields because it has a merit
that it can perform classification work with a relatively
small amount of learning data quickly.

Bootstrap aggregation, or bagging, is a technique
proposed by Breiman[6] that can be used with many
classification methods and regression methods to reduce
the variance associated with prediction, and thereby
improve the prediction process[7]. It is a method to
improve prediction ability by reducing variance of
prediction model through sampling with replacement
from original data. Bagging is generally suitable for
over-fit models, small-sized, large-dispersion models.

A confusion matrix[8] contains information about
actual and predicted classifications done by a classification
system. Table 1 shows the confusion matrix for a two class

classifier.

Table. 1 Confusion matrix[8]

dezu F4

i

L=

)

Table. 2 Evaluation scales[8]

Scale Formula Evaluation focus
(tp+tn)/ . .
Accuracy (tpHirHp-+n) Overall effectiveness of a classifier
(tp)/ Class agreement of the data labels
Precision (t Ef ) with the positive labels given by
prip the classifier
Recall (tp)/ Effectiveness of a classifier to
(Sensitivity) (tptfn) identify positive labels
2*(Precision* | Relations between data's positive
Fomeasure Recall)/ labels and those given by a
(Precision+ | classifier (harmonic mean of
Recall) precision and recall)

Predicted Predicted
Data class . .
Positives Negatives
Actual true positive false negative
Positives (tp) (fn)
Actual false positive true negative
Negatives (fp) (tn)

The performance of sentiment classification can be

evaluated by using four scales calculated as the

following Table 2.

There are different evaluation scales to assess the
classification results after applying various classification
algorithms. However, there are no scales to comprehensively
evaluate various evaluation scales. Therefore, in this
study, an entropy based evaluation scales that can
comprehensively evaluate various evaluation scales was
presented and evaluation results were evaluated using
empirical data.

The process of calculating the entropy score based on
various evaluation scales is as follows.

Assume that 7 classification algorithms and evaluation
scales are K, and let S be the evaluation scale score
matrix for each classification algorithm. The vector
consists of n row vectors 4; and K column.

Step 1: The evaluation score matrix(.5y,) is calculated
based on the evaluation algorithm and the evaluation
scales.

Step 2: Normalize the score matrix .5 and set
6jk:,/7ﬂ$, k:1,2,’ tt 7K

E‘S}k:
j=1
Step 3: Calculate entropy £,[9] as
E=—(Inn) "Yeylnley), k=12, - - K.
j=1

Step 4: Compute the diversity level as D, =1—F,
k=12 - - K

Step 5: Calculate the normalized value of D), as
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.
———,k=1,2, - - ,K, Suchthat ¥, W, =1.
k=1

>.D, .
Step 6: Compute the entropy score as

K
E@z%}lm@k,j:m,- Cem

The process of calculating the entropy score when the
evaluation result by algorithm is same as the table 3 is as

follows.

Table. 3 Evaluation score

Algorithms Accuracy Precision Recall
SVM 0.8441 0.84 0.97
Bagging 0.8389 0.86 0.94
Random Forest 0.8354 0.84 0.97
Tree 0.8214 0.85 0.92
MaxEntropy 0.8546 0.89 0.92

Table 4 shows the result of the normalization of the

score matrix (.5).

Table. 4 Normalized score

€k Accuracy Precision Recall

SVM 0.2012 0.1963 0.2055
Bagging 0.2000 0.2009 0.1992
Random Forest 0.1992 0.1963 0.2055
Tree 0.1958 0.1986 0.1949
MaxEntropy 0.2037 0.2079 0.1949

Based on table 4, entropy and diversity level are

calculated and the normalized value ( 1¥,) is calculated

as shown in table 5 below.

Table. 5 Result of various parameter

Parameter Accuracy Precision Recall
E, 0.9999 0.9999 0.9998
D, 0.0001 0.0001 0.0002
w, 0.1404 0.3886 0.4710

Based on Table 5, the entropy score is calculated as

shown in Table 6.

Table. 6 Entropy score

Algorithms Entropy score Rank
SVM 0.9018 1
Bagging 0.8947 4
Random Forest 0.9006 2
Tree 0.8790 5
MaxEntropy 0.8992 3
I, RESULTS

In this study, we collected 2,400 product reviews and
star rating of customers’ data about Samsung Galaxy S7
and Apple iPhone 7 from the Amazon online site using
R. Five classification algorithms were applied for
collected data. The five algorithms are based on support
vector machines[10], bagging[11], random forest[12],
classification or regression tree[13][14] and maximum
entropy[15].

Based on the star rating of the collected data, the
sentiment classification is classified as positive if 4 or 5
points, neutral if 3 points, and negative if 1 or 2 points.
The frequency and the ratio of each sentiment frequency
by product model are shown in Table 7. The distribution
of the star rating evaluated by the customers are shown

in Fig. 2.

Table. 7 Class distribution

Galaxy S7 iphone 7
Rt Frequency Frequency
Frequency Ratio Frequency Ratio
negative 496 27.4% 143 24.1%
positive 1241 68.7% 428 72.2%
neutral 70 3.9% 22 3.7%
Total 1,807 100% 593 100%

Accuracy, precision and recall were selected as
evaluation scales to evaluate the analysis results of the
five classification algorithms considered in this study.
Table 8 shows the entropy scores that can be evaluated

by considering the three evaluation scales together.
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According to the analysis results shown in Fig 3., the
entropy score of the SVM algorithm is the highest and
the classification performance is the best. The results of
this study are consistent with previous studies[16] that
SVM has high efficiency and high accuracy.

phone

%3 S galans?
g B3 iononer
P .
Fig. 2 Distribution of star rating
Table. 8 Entropy score
Algorithms | Accuracy | Precision | Recall Entropy
Score
SVM 0.8441 0.84 0.97 0.9018
Bagging 0.8389 0.86 0.94 0.8947
Random | 4354 0.84 0.97 0.9006
Forest
Tree 0.8214 0.85 0.92 0.8790
MaxEntropy 0.8546 0.89 0.92 0.8992
1.00
095
0.9018
090 Lo 0.ga47 09008 Boa2
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Fig. 3 Result of analysis
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Table. 9 Correlation analysis between evaluation scales

Accuracy | Precision Recall E;l;;(;zy
Accuracy 1 - - -
Precision 0.6061 1 - -
Recall 0.0716 -0.7301 1 -
Entropy | 7931 | 0.0504 | 0.6449 1
score

Table 9 shows the correlation coefficient between the
three evaluation scales and the entropy score used in the
performance evaluation of the classification algorithm.
The results showed that entropy score had a strong
positive correlation with the accuracy scale (0.7931) and
a significant positive correlation with the recall scale
(0.6449).

IV, CONCLUSION

In this study, the entropy score which can be applied
to the evaluation of classification algorithm performance
of sentiment analysis is proposed and empirical analysis
is performed. To evaluate the classification result of
classification algorithms, five classification algorithms
were selected as the representative algorithms in
previous studies. Three scales of accuracy, precision and
recall were selected for the performance assessment of
the classification algorithm. We collected 2,400
smartphone customer review data from amazon.com for
empirical analysis.

In this study, entropy scores of support vector
machines, bagging, random forest, classification tree,
and maximum entropy algorithm for accuracy, precision,
and recall were calculated as 0.9018, 0.8947, 0.9006,
0.8790, 0.8992. According to the results of applying the
entropy score proposed, the entropy score of the support
Also,

according to the correlation analysis results, the entropy

vector machines algorithm is the highest.

score has a strong positive correlation with the accuracy
scale and has a significant positive correlation with the

recall scale. In this paper, we present a methodology for
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evaluating various evaluation scales of classification
algorithms and demonstrate their applicability through
empirical analysis. The sentiment analysis of the
customer review data can save a lot of cost and time if
the requirements and improvements to the product or
service are applied to the improvement of existing

products or the development of new products.
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