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Abstract 
 

The intense competition to attract and maintain customers online is compelling businesses to 

implement novel strategies to enhance the customer experiences. It is becoming necessary for 

companies to examine customer reviews on online platforms such as Amazon to understand better 

how customers rate their products and services. The purpose of this study is to investigate how 

companies can conduct sentiment analysis based on Amazon reviews to gain more insights into 

customer experiences.  The dataset selected for this capstone consists of customer reviews and 

ratings from consumer reviews of Amazon products. Amazon product reviews enable a business 

to gain insights on customer experiences regarding specific products and services. The study will 

enable companies to pinpoint the reasons for positive and negative customer reviews and 

implement effective strategies to address them accordingly. The capstone project helps companies 

use sentiment analysis to understand customer experiences using Amazon reviews.  
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Chapter 1 
1.1 Background 
This chapter entails the projects goals, aims and objectives , research methodology and limitations 

of the study. Amazon is among the largest online marketplace in the world for various products. 

Customers occasionally go through the products and their reviews just before they purchase a 

product. These reviews give them a level of information and opinion about the quality of the 

products they want to buy. Sometimes the reviews prove to be misleading because they are usually 

subjective and could not be giving the entire information about a product but just a first impression 

of a customer with the amazon product or service. Data from customer reviews is critical in today's 

information-driven business environment. Companies use customer reviews to gain meaningful 

insight into the consumption behaviors of customers. An in-depth analysis of customer sentiments 

enables a business to understand the market better and make rational decisions to address customer 

needs and concerns proactively. Sentiment analysis capitalizes on natural processing language 

statistics and text analysis to explore what the customers are saying, how they express it, and what 

they mean. Tweets, reviews, and comments are crucial sources of customer sentiments. The 

computations of sentiment analysis determine whether customer reviews are positive, negative, 

neutral, or mixed.  According to Du et al. (2019), 91% of online shoppers read product reviews 

before purchasing products and services online. Product reviews play a crucial role in enhancing 

the customer purchasing experience. Besides, it is essential to enable a business to improve its 

products and services by comprehending customers' needs, preferences, and tastes. However, it is 

imperative to note that product reviews on Amazon platforms are vulnerable to quality control. 

According to Du et al. (2019), a recent study revealed that customers tend to restrict concentration 

on the first view reviews, irrespective of their helpfulness. The challenge is that access to extensive 

customer reviews makes it difficult for customers to identify useful information.   
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1.2 Statement of the problem 
The retail industry is the backbone of the US economy. According to Statista projections, the sales 

revenue forecast for this industry in 2020 was $5.48 trillion (Statista.com, 2020). The retail sector 

creates millions of jobs annually, generates revenue, and contributes approximately 10% of the 

gross national product (Lim et al., 2019). The retail industry's health dramatically relies on the 

degree of customer satisfaction and confidence with the retailers of their preferred products and 

services. Advancements in technology enable customers to share their experiences by reviewing 

the products and services from specific retailers. Today, social media platforms and online 

networks allow businesses to mine genuine comments and reviews from customers worldwide. 

Customer reviews reveal customers' experiences regarding the prices, value, quality, customer 

service, ease of shopping, and more factors about what they shop online. The customer reviews 

are unstructured, and the sentiment analysis will help extract the sense of these unstructured texts 

efficiently and cost-effectively. This capstone project will study how companies can conduct 

sentiment analysis based on Amazon reviews to gain customer experience insights. Companies 

will gain more understanding of top-rated products and services, what customers value, and what 

they dislike using sentiment analysis. For a business to succeed in today's competitive and 

information-driven business environment, it is vital to understand what the customers feel about 

the products and services offered. A company must maintain positive reviews from customers and 

improve the neutral and negative reviews of the customers. For instance, most customers complain 

about the quality of products based on Amazon reviews, and the business must develop and 

implement effective strategies to enhance the quality of their offerings.   
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1.3 Project goals 
The first goal is to get the sentiments expressed in the customer reviews and analyze the frequency 

of the sentiments. The second project goal is to build and train a machine learning model that can 

be used to classify customer reviews into two sentiments (positive or negative).    

1.4 Aims and Objectives  
The aim of the study is to classify customer reviews into positive or negative sentiment. 

The objectives are as follows: 

• To measure the intensity of the sentiments generated from the customer reviews 

• To analyze the association between customer reviews concerning different amazon 

products.   

1.5 Research Methodology 
Sentiment analysis methodology will be used in this research. The method is also referred to as 

opinion mining. The process relies on machine learning (ML) algorithms and natural language 

processing (NLP) to determine the emotions behind online reviews. The research will focus on 

analyzing the sentiments on Amazon product reviews. To be specific, the platform has a feature 

where customers can review products on a five-scale rating. The ratings from 5 to 1 represent very 

positive, positive, neutral, negative, and very negative experiences (Chauhan et al., 2020). Five 

stars mean the customer is very positive about the product or service. One star indicates that the 

customer's experience is very negative.  

Sentiment analysis follows the certain steps to collect, process, transform and convert raw data to 

simple corpus for sentiment classification. These steps are essential in achieving the best results in 

sentiment analysis.  
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STEP 1: A data set of Amazon product reviews within a specific period will be collected. Once 

the data set is collected, the next step is text preparation. This is the process in which the data 

extracted is filtered before analysis (Shankhdhar, 2019).  

STEP 2: In this stage, non-textual content is identified and eliminated. Irrelevant content is also 

identified and removed from the data set. The objective is to ensure that only the required data set 

is analyzed.  

STEP 3: Sentiment detection. The purpose of sentiment detection is to review each comment for 

subjectivity. Sentences or comments with objective expressions are eliminated, while those with 

subjective expressions are retained further.  

STEP 4: Sentiment classification. This stage's data is categorized into two major groups, positive 

and negative (Shankhdhar, 2019). The data can be classified more to include like and dislike 

categories.  

STEP 5: The final step is to convert the results of the analysis into meaningful information. The 

text results will be displayed on bar charts, pie charts, and line charts. The graphs will visualize 

the results for a better understanding of the trends in online product reviews.  

The data tools used in this capstone project are: R Programming Languages, Amazon APIs, and 

Visualization tools (Tableau) will be used in this research.  

1.6 Limitations of the Study  
• The study was limited when it comes to dealing with reviews from sarcastic customers who 

usually use ironic language, this would make it hard for the model to learn the correct 

sentiment elicited. 
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• Another limitation arose in the subjectivity of the customers, this would hinder correct 

sentiment extraction from the reviews because the subjectiveness changes from person to 

person, and some people would be very irrational when submitting their reviews. 

• People’s opinions change over time and this could be due to mood change or even interaction 

with other products and customers, hence when collecting data the period is a factor in 

affecting the sentiments in a review.  
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Chapter 2 – Literature Review 
 
This chapter highlights some of the previous studies in the field, citing existing gaps in knowledge 

on the how business benefit from the findings of sentiment analysis on customers. 

 

2.1 Theoretical background of Online reviews 
 
According to Sharma, Chakraborti, and Jha (2019), online shopping has gained global popularity 

over the past decade. This dramatic trend's primary reasons include the ease of internet access, 

availability of smartphones, increased awareness of e-commerce, and increased access to online 

shopping applications. Online shopping platforms such as Amazon enable customers to shop with 

convenience, save time, and get their products delivered at home within the shortest time possible. 

Competitive businesses prefer e-commerce over physical stores for the potential to reach more 

customers around the world (Sharma, Chakraborti, and Jha, 2019).  E-commerce platforms also 

enable the company to save on enormous costs by setting up online stores. However, the customer 

demands on platforms such as Amazon on price and quality are drastically changing. The majority 

of customers are focusing more attention on high-quality and affordable products and services. In 

that regard, businesses must analyze the sentiments of customers to address these demands 

effectively.  

Meire et al. (2019) argued that social media is a trending platform for markets to drive customer 

engagement today. Customer engagement initiatives enable businesses to boost their emotional 

bonds with customers located in different parts of the world. Product reviews also shape customer 

engagement (Nandal, Tanwar, and Pruthi, 2020). An analysis of the product reviews enables the 

business to gain insights into how customers feel about their products. According to 

Schoenmueller, Netzer, and Stahl (2020), online consumer reviews play a critical role in shaping 
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customers' purchasing decisions online. A business must concentrate on analyzing and 

understanding these reviews to succeed in today's business environment.  

Presently, businesses conduct sentiment analysis to enhance their competitiveness in the market. 

Karamitsos et al. (2019) argued that sentiment analysis enables companies to understand their 

products and services' views and experiences. As a result, companies can effectively design their 

marketing campaigns (Dong et al., 2017). Sentiment analysis also allows modern businesses to 

maximize the word-of-mouth marketing strategy. Competitive companies have gone the extra mile 

to utilize text mining methods to understand customer experiences better. Text mining enables the 

business to extract useful information from social media platforms, articles, and other sources. 

Zhao (2013) explained how to extract text from tweets using the code userTimeline (). Thus, a 

combination of sentiment analysis, text mining, and more methods plays a vital role in ensuring 

that businesses understand and capitalize on customer reviews online.  

According to Jain, Kumar, and Mahanti (2018), sentiment extraction was an effective method of 

understanding customer suppositions online. The information gathered from online platforms and 

product review sites enable a business to enhance their marketing strategies. The product reviews 

also inform and shape customer purchasing decisions (Jain, Kumar, and Mahanti, 2018). 

Competitive companies such as Amazon capitalize on the information in decision-making. Lim et 

al. (2019) asserted that US top retailers bank on online product reviews to enhance their marketing 

campaigns and enhanced business processes (Jagdale, Shirsat, and Deshmukh, 2019).  For 

instance, if a specific product receives many negative reviews, the company investigates the issue 

to address it immediately. If the negative reviews are linked to pricing or quality, the company 

ensures that the issue is solved immediately.  
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Schoenmueller, Netzer, and Stahl (2020) collected an extensive data set of more than 280 million 

reviews to study their distribution. The data was created by more than twenty-four million 

reviewers from twenty-five sites, including Amazon and Yelp. The reviews covered different 

products and services. The study found that most product reviews online are less polar and 

positively imbalanced (Schoenmueller, Netzer, and Stahl, 2020). The study also found that the 

distribution of product reviews for similar products varies from one platform to another (Vyas and 

Uma, 2019). The reviews' variation is linked determined by various factors, including the rating 

scale, the online platform's business model, and the frequency of reviews (Schoenmueller, Netzer, 

and Stahl, 2020). Hence, to succeed in capitalizing on online product reviews, companies such as 

Amazon must take advantage of these factors.  

Moreover, it is profound to note that businesses maximize sentiment analysis to enhance business 

processes and improve customer retention.  Govindaraj and Gopalakrishnan (2016) asserted that 

an analysis of product reviews enables a business to understand customer experiences. A customer 

can post a review to show whether they are satisfied or unsatisfied with a specific product or 

service. However, most of the product reviews fail to indicate the extent of customer satisfaction. 

As a result, Govindaraj and Gopalakrishnan (2016) conducted a study to categorize the extent of 

customer satisfaction based on online reviews. They created a method of categorizing customer 

satisfaction based on acoustic and linguistic features. They proposed a model of categorizing 

customer reviews as highly positive, positive, neutral, and highly negative (Govindaraj and 

Gopalakrishnan, 2016). This study's results are consistent with previous research conducted by 

Ghasemaghaei et al. (2018) on the impact of the length of reviews and online sentiments. 

Customers tend to concentrate on extensive and detailed product reviews before making the final 

purchase (Singla, Randhawa, and Jain, 2017). Therefore, for an accurate decision based on online 
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product reviews, companies need to investigate the actual extent of customer satisfaction with their 

products and services.  

Sharma, Chakraborti, and Jha (2019) conducted a study to investigate how online reviews drive 

book sales at Amazon. According to the study, customers consider online reviews to be a 

dependable source of information. Customers find reviews to be more accessible and detailed. The 

study found that online reviews significantly shape user experiences and product prices. The 

findings are consistent with a previous investigation conducted by Chong et al. (2016) on online 

reviews and sentiments. Another issue that the study explored is online review valance. Sharma, 

Chakraborti, and Jha (2019) note that online reviews' impact on sales is contradictory. Some 

studies found that online review valance significantly impacts sales, while others found minimal 

impact. The impact is also dependent on factors such as product categories and qualitative text 

features.  

 Du et al. (2019) conducted a study focused on 142.8 million customer reviews from Amazon. The 

study focused on identifying each review's helpfulness and unhelpfulness by analyzing the 

summary headline, comment on the product, and helpfulness information. To enhance the accuracy 

of the findings, the researchers filtered all blank and non-English product reviews. Only those with 

the highest votes were selected (Du et al., 2019). The study found that an analysis of online product 

reviews on Amazon plays a significant role in today's e-commerce. Helpful reviews provide 

detailed information regarding the specific product or service based on customer experience 

(Meenakshi, Intwala, and Sawant, 2020). The reviews with the highest votes revealed that 

customers depend on the information to make accurate purchasing decisions. The findings are 

consistent with Anh, Nagai, and Nguyen's (2019) investigation on how customer reviews influence 
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online shopping. Positive product reviews encourage customers to gain more credibility for the 

products they plan to purchase online.  
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Chapter 3- Research Methodology                    
3.1 Sources of Data 
The primary source of data for this project is Amazon product reviews available online. Amazon 

has an online feature where customers are presented with a rating scale to rate the products and 

services purchased from the platform. Customers can also comment to specifically present what 

they considered when rating the product. A data set containing many of these product reviews will 

be used for sentiment analysis in this study. The data for use in this research will be collected from 

the website's Amazon product review section. Users can rate different products and services sold 

on Amazon's online store. Apart from the rating, customers also can comment about their 

experiences (Dey et al., 2020). The comment reveals a range of issues, including quality, 

durability, price, and customer service.   

3.2 Stylometric Variables 

Stylometric variables are used to breakdown the text data into corpus-based features. The methods 

used to attribute origin of text from online sources are style markers including tidings, document 

connections, HTML labels and spelling. The Stylometric variables fetch specific aspects such as 

punctuation, and n-grams text arrays from a review. In the review dataset the text is converted into 

a corpus and these aspects are identified and removed. 

3.3 Lexical 

This analysis aims at labelling words with the sentiments using a vocabulary based technique 

which utilizes a semantic score assigned to the reviews for measuring the extreme nature of the 

review in order to assign the right grammatical feature labeling. 
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3.4 Structural 

This research is focused on breaking down the amazons reviews into simple words, cleaning, and 

normalizing the data. The data addresses the opinion of customers about Amazon’s products thus 

the  hence it requires algorithm that accurately assigns sentiments to the words used. 

3.5 Syntactic 

The language used in product reviews has certain particulars that will hinder accurate sentiment 

analysis. The syntax of the reviews contains hash tags, @ symbols and other no-word symbols that 

slow down text mining algorithm. These items have to be removed by syntactic algorithms like 

lemmatization and syntactic parsing.  The character cases also has be converted to lower case and 

ensure that words are stemmed to reduce them to a solitary event and get rid of several forms of 

the same word. The objective is to finally have a lemmatized standardized textual data. 

3.6 N-grams 

The text data has to undergo feature extraction and selection. The methods used to perform this is 

the TF-IDF rating to show the n-gram feature vectors. Other approaches use existing sentiment 

dictionaries and leverage the unigram sentiment word as the feature. For this study we build n-

gram sentiment features by extracting sentiments and multiplying their intensifiers by TF-IDF 

rating to find the feature score.  

3.7 Text representation 

The text is represented as the frequency of characters per review or corpus, the numbers of times 

words have been used in the reviews, the number of common words used in the review that can be 

found in the dictionary. These analysis are carried out using word clouds, and scatter plots to show 

the frequency distribution of words. 
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3.8 Corpus design 

Our dataset comprises of two attributes; the polarity which has 2 levels of measurement 1 stands 

for negative reviews and 2 stands for positive reviews. The next attribute was the review text which 

holds the product reviews from customers. The review text is forms the data text data that goes 

through the processing and cleaning then a text mining package is used to generate a corpus from 

the text. This corpus is then used to create document term matrix. This is a matrix of frequencies 

where the number of occurrence of words in each review are stored. The document term matrix is 

the quantitative data that will be used to train a classification model on whether the review is 

positive or negative. 
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Chapter 4- Data Analysis          
4.1 Text preparation 
The first step was to load the amazon dataset into R-studio environment. The size of the data was 

1.5GB with dimensions of 3 variables and 3.6 Million observations. Due to computational 

constraints the data was sampled using random sampling and a sample of 5% of the entire dataset 

was used for the rest of the analysis, this was a data.frame of dimensions 3 variables and 180,000 

observations. The dataset was cleaned using functions in the “tidyverse” package and general 

substring functions to remove punctuation, numbers, whitespaces and stop words. 

The next step was to extract three data frames from the dataset representing book reviews, movie 

reviews, and game reviews.  The purpose of these datasets was to analyze and compare reviews of 

different amazon products for example book reviews against movie reviews, and game reviews. 

The next stage shows the relationship between book reviews and movie reviews or game reviews. 

4.2 Association and Correlation analysis 
The reviews were filtered to obtain reviews about amazon books, movies and games. The data was 

tokenized and frequency data.frame generated from these tokens. The frequency and proportions 

data were used to plot correllograms as shown below; 

Figure 1: Correlation plots of book reviews against game and movie reviews 
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The plots show that both game and movie reviews had similar correlation with book reviews. The 

frequency of words used in the book reviews was similar and also the words that are shared in both 

reviews appear on the best fit dotted line, for instance  words like  “life”, and “story” are used by 

both movie and book  reviewers. On the other hand words like “absolutely”, and “time” are used 

by both book and game reviewers in similar fashion.  

 

 

 

 

 

 

 

Figure 2: Correlation test of book reviews against movie and game reviews 
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Figure 3 shows the Pearson’s correlation test between book reviews and movie reviews, and 

another correlation test between  game reviews and book reviews . The p-value of both tests was 

below 0.05, hence the tests were statistically significant in determining a correlation between the 

these sets of reviews. From the correlation test in Figure 3, it’s evident that the book reviews and 

movies had statistically significant correlation of 0.2 in terms of frequencies of the word used in 

the reviews. This was the case also in correlation between book reviews and game reviews. 

4.3 Sentiment detection 
Bad reviews that have nothing to do with rating an Amazon product were eliminated. The 

remaining reviews words were tokenized and frequency analysis performed to analyze the number 

of words and sentiments in the reviews. The sentiment analysis was carried out using R packages 

like dplyr, tidyverse, tm, wordcloud, tidytext etc. These packages rendered insightful functions 
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that cleaned, tokenized and summarized the reviews to transform them into meaningful 

information.  The first step of analysis was to plot a word cloud to visualize the distribution of the 

most frequent words.  

 

From the word cloud its visible that words like “recommend”, “love”, ”enjoy”, “nice”, “bad” and 

“hard” dominated the reviews of most amazon customers. Word clouds are important especially 

in quick visualization of textual data and they give brief result of textual analysis, portraying  the 

tone, sentiment or emotion in written media.  

 

Figure 3: Word cloud showing the most frequent words  in all the reviews 
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The next sentiment analysis shown in figure 4  involved utilizing “nrc” lexicons(Explain what is 

NRC lexicon and why you select this lexicon and not AFINN)  to assign sentiments to words that 

have been tokenized. Now, the previous tokenization involved three groups but this time the whole 

data reviews are tokenized and the sentiments of the words are generated and used to form a new 

data frame. This data frame is used to plot several bar chart showing the most frequent words in 

the reviews grouped into different sentiments.  

 

 

 

 

 

 

 

 

 

 

Figure 4:Contribution of these most occurring words to the various sentiment 
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Figure 5 shows the ten sentiments assigned to the tokenized words. Looking at the graphs;  anger 

is mostly portrayed when a customer is talking about money. Secondly customers who expressed 

anticipation were mostly mentioning (time) in their reviews. Disgusted customers used words like 

(“bad” and “disappointed”) in their reviews. Customers who expressed fear in their reviews used 

words like (“watch” and “bad”) most likely they were addressing movies. Customers with joy 

sentiments used words like (love, music and money) this most likely was addressed to music 

products from amazon. Therefore, it’s statistically sound to assume that music triggers joy in most 

amazon customers. The same music also brings sad sentiments to customers who express 

disappointment in most of their reviews. 
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Another sentiment expressed by the customers was ‘surprise’, now most customers  showed this 

sentiment when using words like (“money”, “wonderful”, “gift”, ”guess”, “expect”) this can be 

attributed to prices perhaps. Whereby customers visit the site expecting different prices on certain 

products and are surprised to find the contrary. Another sentiment that was assigned to the words 

used in the  reviews was trust. Customers portraying trust mostly used words like (“recommend”, 

”found”, ”real”, ”money”). Now the clear picture here is that for customers to recommend products 

it takes trust and also where money and realness is involved customers would express trust in these 

products.  Finally positive sentiments and negative sentiments also are assigned to the reviews. 

The positive sentiment was liked to use of words like (“love”, ”recommend”, ”music”) while 

negative sentiments were expressed when words like (“bad”, ”waste”, ”disappointed”) were used. 

 Term frequency analysis [ref??] was used to calculate the frequency of certain terms in the reviews 

in relation to the total terms extracted from the whole data. These frequencies show the extend of 

usage of terms in the either negative reviews or positive reviews. -This is the part of your research 

methodology. 

From figure 6 the red bar chart shows the distribution of terms in the negative reviews and the 

three most used terms in are “suckered” , “disgraceful” and “abomination”. These terms most 

likely address products with content and plot for example movies, books etc.. on the other hand 

the positive reviews used terms like “expertly”, “quibble”,” easytounderstand”, “educates”. 

Similarly, these terms target content based products like movies games books and works of art. 

Figure 5: Term Frequency – Inverse Document Frequency  graph 
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4.4 Sentiment classification 
The classification of sentiments is executed following procedures that ensure the raw data is 

cleaned, converted into a corpus (a collection of words) and a term document matrix (a matrix 

showing the frequency of words in the corpus). These objects make it easy for the classification 

models to learn the relationship between the words and the sentiments. The following steps explain 

how the entire text mining is done using machine learning: 

Step 1: Data cleaning, Corpus and Document term matrix 

The data was fitted into a Naïve Bayes model and the model was trained to learn to classify new 

reviews into either positive or negative polarity. The dataset was first transformed into a corpus 

using the tm package. The corpus was then cleaned by removing numbers, punctuation, whitespace 

etc. The corpus is then used to create a DTM sparse matrix.  

Step 2: Splitting the DTM into training and test DTM 

Then to confirm that the subsets are representative of the complete set of data, we compare the 

proportion of positive and negative reviews using the  polarity variable in the training and test data 

frames 

Step 3: Visualizing text data using word clouds, 

The corpus is visualized using word clouds where the most frequent words are plotted. 

Step 4: Creating indicator features for frequent words 

The indicator features will help in model fitting as the model will focus on those with the best 

predictive features. Then we create train and test data sets for frequent words. A function that 

converts the polarity attached to frequent words into categories of (positive and negative). Then 

apply the function to the train and test frequent features data. 

Step 5: Train a Naive Bayes model on the frequent features. 
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A Naive Bayes model is a collection of classification algorithms that use the Bayes theorem in 

their methodology. These algorithms assume that the features in a model are independent and equal 

in their contribution to the target variable. There different naive Bayes classifiers which differ 

mainly by the assumptions they make regarding the distribution of P(xi | y). There are those 

classifiers that use discrete feature and others that are applicable to continuous classifiers. These a 

referred to as Gaussian Naive Bayes classifiers. The assumption of these classifiers is that the 

features are normally distributed. Some of the advantages of Naive Bayes are: 

• They require little data to train.  

• They are fast, especially because they alleviate the problem of dimensionality by making 

each feature distribution to be estimated as one-dimensional distribution. 

 A Naïve Bayes model uses Naïve Bayes theorem which is based on an event occurring given that 

another event has already occurred. Naive Bayes classifier uses the Bayes Theorem. It predicts 

membership probabilities for each category such as the probability that given record or data point 

belongs to a particular group.  The class that is selected as the most likely class is the one with 

maximum a posteriori probability. In this model we applied the Bernoulli Naïve Bayes algorithm 

which analyzes features in binary form.  

The model was evaluated using a confusion matrix. This is a contingency table of predicted and 

actual labels which shows how the model performed in predicting the polarity of the test reviews. 

The metrics for that include accuracy, Kappa, sensitivity, and specificity. 

Accuracy is a metric that measures the fraction of predictions our model got right. It can be 

calculated using the following formula: 

𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 =
𝑵𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒄𝒐𝒓𝒓𝒆𝒄𝒕	𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏𝒔
𝑻𝒐𝒕𝒂𝒍	𝒏𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏𝒔  
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Accuracy can also be expressed as true positives and negatives, and false positives and negatives. 

𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 =
𝑻𝑷 + 𝑻𝑵

𝑻𝑷 + 𝑻𝑵 + 𝑭𝑷 + 𝑭𝑵 

Kappa statistic is a measure of how close the classified data is to the ground truth labels. It is 

calculated using the following formula: 

𝑲𝒂𝒑𝒑𝒂 =
𝑻𝒐𝒕𝒂𝒍	𝒂𝒄𝒄𝒖𝒓𝒂𝒄𝒚 − 𝑹𝒂𝒏𝒅𝒐𝒎	𝒂𝒄𝒄𝒖𝒓𝒂𝒄𝒚

𝟏 − 𝑹𝒂𝒏𝒅𝒐𝒎	𝒂𝒄𝒄𝒖𝒓𝒂𝒄𝒚  

Sensitivity is the rate of the model in correctly classifying the data of class 1 (the positive class). 

The formula used to calculate sensitivity as follows: 	

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 =
𝑻𝑷

𝑻𝑷 + 𝑭𝑵 

Specificity is the rate of the model correctly classifying the data of class 0 (the negative class). 

The formula used to calculate specificity as follows:	

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚 =
𝑻𝑵

𝑻𝑵 + 𝑭𝑷 
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Figure 6: Model Evaluation – Confusion matrix 

 
Explanation of the data in figure 7. 
 

The first part of the output in figure 7 shows the contingency table with predicted values and 

reference values as the actual true values. These tables have the true positives (204), negatives 

(191) and false positives (48) and negatives (57). A true positive is when the model predicted 

positive and the actual result is positive. A true negative is when the model predicted negative and 

the actual result is negative. A false positive is when the model predicted positive and the actual 

result is negative. A false negative is when the model predicted negative and the actual result is 

positive. 

The second part shows the Accuracy, this means the model was able to predict correctly 79% of 

the new reviews data. The third part was the Kappa statistic, which means that the model was 
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57.99% of the times in agreement with the baseline random classifier, this shows that our model 

agreement with ground truth was only 57.99%. This Kappa value shows that model still has long 

way to truthfully classify reviews correctly. Finally, there was sensitivity score, which means that 

the model had a 78.16% rate at correctly classifying positive reviews. Specificity score, indicating 

that the model had a 79.92% rate at correctly classifying negative reviews. 
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Chapter 5. Conclusion 
5.1  Conclusion 
In conclusion the analysis findings show from the customer reviews that language and words used 

to review books, were likely to be used also by customers who review movies and game products 

from amazon. The correlation analysis using the word frequency between the three products was 

statistically significant indicating that the frequency of words used in the three products was 

similar. Anticipation was one of the sentiments that was elicited from the customer reviews and 

most customers talked about time as most frequently, hence anticipation can be illustrated in 

customer reviews when they talk about timing of products. To be able to predict disgust, joy, fear, 

sadness, surprise, trust, positive and negative sentiments from customer reviews the most frequent 

words associated with these sentiments are taken into account. Another analysis that is essential in 

portraying the most positive and negative of words used is the Term frequency – inverse Document 

frequency analysis, this method plots the most frequent terms in both positive and negative 

sentiments hence providing a clear picture of the reviews data. 

In the classification of reviews dataset into either positive or negative sentiment group, a Naïve 

Bayes classification model was used. The model performed quite well. The metrics used to 

measure the model performance were accuracy, Kappa, sensitivity and specificity. These metrics 

show that the model had an accuracy of 79% in classifying reviews and the accuracy similar to the 

sensitivity and specificity scores, but the Kappa score was quite low. This is worrisome because 

our model was quite ambitious, and the Kappa score shows there is still some improvement to do 

to ensure the model is in agreement with ground truth instead of just focusing on true positive and 

true negatives. 
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5.2 Recommendations 

After careful consideration and looking at the analysis findings, it is recommended that more 

powerful GPU to be used in training the machine learning model in order to get a more accurate 

model. Also, the dataset needs to be taken through extensive cleaning to remove subjective 

reviews, so that the sentiments generated are the objective opinions of customers.
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