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Abstract 

Recent years, the review and rating system has been playing an increasingly huge role in 
E-commerce. In order to help companies use data to gain insights into the markets in 
which they participate and succeed in their new online marketplace product offerings, 
we develop a model based on the combination of “star ratings”, “reviews”, and 
“helpfulness rating”. The Sentiment Analysis using NLTK and Sentiment Dictionary is 
proposed (including standard thesaurus and personalized library) to realize the 
digitization of textual data, wherein comprehensive indices include the intensity of 
emotional expression, number of modifiers, and degree of modifiers. Then, the fitting 
regression is applied along with time series to determine the relationship between the 
comprehensive evaluation index (rating) of the product and time. Regression analysis is 
conducted on ratings and review scores based on the measurement of reviews score and 
rating. The correlation coefficient method is used to determine the weight of each 
influencing factor. In this way, we can obtain a comprehensive evaluation of the product 
in the final market. We collect data from Amazon to quantify the comprehensive rating 
of microwave ovens. In the prediction of time series, it is found that the R-square is as 
high as 0.85, and the fitting effect is very good, which indicates that the model has certain 
applicability. Subsequently, we forecast the comprehensive rating of microwave ovens, 
as a reference for the company to produce microwave ovens. 
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1. Introduction 

Nowadays, big data has penetrated our work and lives and has brought such huge changes. It 
has become particularly important for us to find useful information from the mass of data to 
guide our work and life. With the development of Web2.0, the number of online reviews in e-
commerce has grown exponentially. To some extent, these online reviews along with the stars 
that consumers rate can provide consumers with an important valuable reference before 
purchasing. These data can also provide feedback for E-commerce websites, which is helpful 
for E-commerce platforms to get knowledge of market trends at the time. However, there are 
various reviews including the poor ones which may mislead consumers so that make 
consumers less reliable on reviews no matter they are valuable or not. So it is of great 
importance to define a series of models to help find the regular pattern of consumers and 
evaluate the popularity of products. In this way, great values will be brought not only to the 
consumers but also to the companies. 

2. Data Processing 

2.1. Digitization of Textual Data 

We apply the Basic Sentiment Analysis using NLTK and Sentiment Dictionary. So that we can 
realize the digitization of textual data and grade the reviews according to an effective index 
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including the intensity of emotional expression, the number of modifiers, and degree of 
modifiers. 

𝑁𝑒 = 𝜔1 ⋅ 𝑛1 ∗ 𝜔2 ⋅ 𝑛2 ∗ 𝜔3 ⋅ 𝑛3 

This formula above can be used to describe the comprehensive evaluation of the product. 
𝑛1,𝑛2,𝑛3stand for the intensity of emotional expression, the number of modifiers, whether the 
purchase is certified separately. 

𝐸𝑓 = ∑ 𝜔𝑓
𝑖 ⋅ 𝑛𝑝

𝑖

3

𝑖=1

 

This formula above is an expression of the effect of the number of modifiers on the 
comprehensive evaluation. 

Where 𝑖 is the quantification level of the modifier, here is quantified to 3 levels, 𝑤𝑓
𝑖  represents 

the index weight of modifiers at each level.For example, the positive sentiment lexicon is 
divided into three levels by perfect, recommended, and good, and 𝑛𝑝

𝑖  represents the modifiers 

at each level that are matched Quantity, 𝐸𝑓  is a quantified value of the contribution of the 

modifier to the comprehensive evaluation. Effective indexes are on Table 1. 

 

Table 1 effective indexs in review sentiment analysis 

Properties Weights Examples 

sentiment 
words 

𝑤1 advertised,attractive,prefect,good,nice,noisy,…… 

punctuation 𝑤2 !,?,…… 
abverb of degree 𝑤3 extreme,very,more,rather,completely,fairly,greatly,…… 

 

The framework of operating data is demonstrated in the flow chart below. 

 

 
Fig. 1 Flow Chart of The Whole Process Operating Data 

 

2.2. Screening of Data 

Before analyzing the data, in order to ensure the quality of the data and the accuracy of the 
subsequent analysis process, we clean the original data, which is more conducive to our 
analysis of the data. We observe the historical data of the three products, and we can find the 
baby's pacifier. The product contains many other irrelevant products. We have filtered out 
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products that contain pacifier characters to make the data more accurate. The same method is 
also applicable to microwave ovens and hair dryers. At the same time, we observe whether 
there is a defect value in the data and delete the defective items to ensure the integrity of data 
entry and operation. After the basic data cleaning is completed, we begin to perform manual 
analysis on the original data to remove some irrelevant features, such as irrelevant information 
such as regional product category, while retaining items containing important information such 
as ratings, reviews, and vine. 

3. Basic Models and Definition 

3.1. Expert Modeler 

The Expert Modeler finds the best-fit model for each dependent series automatically. If 
independent variables are specified, the expert modeler will select for the content in the ARIMA 
model those models that have a statistically significant relationship with the dependent series. 
When it is at a specific time, the model variables are transformed using a difference sum or 
square root or natural logarithmic transformation. By default, the expert modeler considers 
both exponential smoothing models and ARIMA models. 

3.2. Q Test 

Q test:𝐻0: 𝜌1 = 𝜌2= …  = 𝜌5  

𝐻𝑖: 𝜌𝑖(𝑖 = 1,2, … 5) At least one variable is not zero. In the promise of 𝐻𝑜  

𝑄 = 𝑇(𝑇+2) ∑
𝑟𝑘

2

𝑇−𝐾
~𝜒𝑠−𝑛

2𝑠
k=1 . 

If 𝑃 < 0.05, Reject the null hypothesis that the residuals are not white noise 

4. Model Construction and Results 

4.1. Factors Associated with sales 

The Sales of product are direct reflection of the comprehensive evaluation of the product. So 
factors associated with sales are exactly the factors associated with the comprehensive 
evaluation of the product. 

I). Measurement for reviews: Quantification of sentiment analysis. The details are shown in the 
flowchart. Finally, we can achieve 3 levels:1,2,3 judging from the scores we have dealt with. 

II). Measurement of rating: According to the product's review_date, we count the average of the 
stars in the same month. Also, we use help/total (vote_rate) to get the value of the rating of the 
review. Because the mutual influence between vote_rate and star are independent, so 
average_star * vote_rate, then min-max normalized, mapped to the interval [1,5] as the 
measurement of rating. 

III). Regression: Firstly, we average the ratings and review_scores according to the timeline. 
Taking the rise of online shopping into account, and considering that ratings and review_scores 
affect each other. So we calculated the Sales volume of products in each month starting from 
2012. Then we use the data as the dependent variable regression. Ratings and reviews are used 
as independent variables. Regression analysis is performed using STAT software. The 
regression coefficient reflects the degree of influence of reviews and ratings on product sales. 
Noticeably, the regression coefficient can be seen as the weight of ratings and reviews 

4.2. Relationship between Factors Associated with Sales 

Under the premise of Data Processing including the screening of data and the digitization of 
textual data, we find the relationship between factors associated with the sales of the product 
according to the time series. 
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At first, we average the star grades that consumers rated in a month to achieve the star grades 
of the products by month. Considering that the data is not enough in previous years, there exist 
months in which only a few consumers rate the star. So we decide to choose the particular years 
as the beginning to evaluate the star grades according to the development of online shopping. 

We apply time-series analysis in analyzing the average star of the product : microwave ovens 
during the period from 01.2012 to 08.2015 separately. Also, we predict the possible rates of 
these products in the previous year. Then, we use the expert modeler provided by SPSS to find 
and solve the most suitable model. 

4.3. Results 

The results reveal that whether a product’s reputation is increasing or decreasing in the online 
marketplace is in our prediction. 

For microwave ovens, we apply the Holt-Winters model. 

 

 
Fig. 2 Rating Model of microwave ovens 

 

Table 2. The model of statistical 
The model of statistical 

Model Model fitting degree statistics Young box Q(18) Number of outliners 

 𝑅2smoothly Statistical DF Significant  

Rating-model_1 0.84 24.098 175 0.063 0 

 

We can find that autocorrelation coefficients and partial autocorrelation coefficients for all lag 
orders is almost 0 from the residual ACF and PACF graphs. Also, we performed a Q-test on the 
residuals and obtained a p=0.063> 0.05 which is shown in the second graph. So we can't reject 
the null hypothesis that the residuals are white noise sequences. Therefore, the SARIMA model 
can well recognize microwave ovens’ star grades. 

It can be seen from the figure that the true value and the fitted value almost coincide, indicating 
that the degree of fitting is very high, and the Winter addition model has a good fitting effect on 
the original data. 

In addition, from the predicted value, the predicted value not only retains the seasonality of the 
original series, but also has a downward trend, which also shows that the Winter's addition 
model can have a better prediction of the product's rating. 
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Fig. 3 Time series prediction results 

 

According to comprehensive analysis, the rating of microwave ovens also changes with time, 
and there is a decreasing trend, indicating that the reputation of microwave ovens has become 
lower and the company should pay more attention to it. 

5. Conclusion 

the review and rating system has been playing an increasingly huge role in E-commerce. The 
data of a product is huge and messy. Firstly, We are committed to screening the data according 
to the integrity and redundancy of the information, deleting data with information which is 
useless. Therefore, it guarantee the reliability of the estimate. Most importantly, the 
comprehensive, independent and quantitative index group is the safeguard of company interest 
maximization. Since all indexes are depended by the other two, firstly, we use the Expert 
Modeler in SPSS to seek the best fitness of month and indexes. Then, we classify them into Easy 
and difficult to quantify. The first class (rating) is judged by multiplying the average star rating 
and vote rate. And the purified reviews are matched with the standard sentiment thesaurus and 
personalized dictionary by NLTK in python. Obviously, we can get the score as claimed by the 
effective attribute such as the number of sentiment words (the positive and negative), adverb 
of degree and punctuation (! ~) and so forth. We fitted a relation between specific star rating, 
review numbers and check the frequency of design feature keywords, finding the online sales 
strategy. For microwave, the strategy of sales is monitoring the negative number of reviews and 
upgrade the quality of service to improve the score of reviews. 

In summary, our model numerically gives theoretical guidance in help of identifying potential 
information pattern and make the right choice in the big data era. 
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