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Abstract – Customer reviews on e-commerce 
platforms significantly impact the acceptance of 
products offered by companies. In this paper we 
propose a software system based on fuzzy logic for 
estimating the level of perception of users of e-
commerce portals regarding a product or service. The 
constructed system receives as its first input the level of 
perception of opinion, determined through sentiment 
analysis, while the second input is the star rating 
provided by each user for the product or service. For 
the development of the proposed fuzzy system, the 
RAD (Rapid Application Development) methodology 
was used. The fuzzy system presented in this paper 
aims to support decision making in the marketing 
divisions of companies with respect to the products and 
services offered. 

Keywords – E-commerce, fuzzy logic, fuzzy system, 
perception, polarity sentiment analysis. 

1. Introduction

With the accelerated growth of technological 
media and the evolution of social networks, 
customers of e-commerce companies have found in 
online reviews of products and services by other 
customers a fundamental input to support their 
decision-making before making a purchase, 
harnessing the wisdom of the crowd [1], [2], [3]. 

DOI: 10.18421/TEM124-03 
34TUhttps://doi.org/10.18421/TEM124-03 U34T 

Corresponding author: Gabriel Elías Chanchí G. , 
University of Cartagena, Avenida del Consulado,  
Calle 30# 39B-192, Cartagena, Colombia 
Email: 34TUgchanchig@unicartagena.edu.co U34T 

Received:   30 May 2023.  
Revised:     05 September 2023.  
Accepted:   11 September 2023. 
Published:  27 November 2023. 

© 2023 Gabriel Elías Chanchí G., Manuel 
Alejandro Ospina A. & Manuel Saba; published by UIKTEN. 
This work is licensed under the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 License. 

The article is published with Open Access at
34TUhttps://www.temjournal.com/U34T 

 In a similar way, e-commerce companies can 
make use of reviews made by their customers on 
technological media to characterize purchasing habits 
and study their preferences based on opinions, aiming 
to formulate and adjust marketing strategies regarding 
products and services [1], [4]. 

One of the techniques belonging to affective 
computing is sentiment analysis, which allows for a 
quantitative analysis of qualitative data such as user 
opinions posted on digital media, obtaining relevant 
insights regarding the polarity of customer opinions 
for decision-making and competitiveness within 
companies [5], [6], [7]. Similarly, opinion mining 
tools allow decision makers to monitor possible 
changes in opinions about products and services on 
social networks, making them an important input in 
marketing divisions [8], [9], [10]. 

Sentiment analysis can be defined as a technique 
that makes use of machine learning (ML) and natural 
language processing (NLP) models for the 
determination of the polarity value (negative, neutral 
or positive) of a text or opinion regarding a product, 
service, organization or person [11], [12], [13].  In 
different application contexts, sentiment analysis 
techniques have been used to analyze the polarity of 
customer opinions concerning the products and 
services offered by companies [14], [15], [16], [17]. 
However, challenges remain in determining 
intelligible perception levels based on polarity and 
combining them with traditional methods of 
perception identification (quantitative perception 
surveys, star ratings). 

The main contribution of this paper is the 
proposal of a new approach based on fuzzy logic and 
opinion mining to obtain the degree or level of 
perception of users with respect to the products and 
services offered by e-commerce companies. 
Specifically, the fuzzy system receives as input both 
the perception level of the opinions expressed about a 
product or service and the star rating given by the 
user as a complement to the opinion. The level of 
perception corresponding to user opinions is 
determined from the polarities calculated using 
sentiment analysis techniques.  
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Similarly, the fuzzy system outputs a perception 
level per user in numerical and linguistic terms, which 
is calculated through the logical operation of the 
fuzzy sets of the mentioned input variables, 
considering 12 logical inference rules that relate the 
inputs with the output of the system. The proposed 
fuzzy logic based system aims to enrich traditional 
methods of perception determination, which do not 
take into account the quantitative perception 
associated with user opinions regarding a product or 
service.  

The fuzzy system was implemented using the 
jFuzzyLogic library, which enables the specification 
of fuzzy sets, the definition of inference rules, and the 
execution of input fuzzification and output 
defuzzification processes. Similarly, for the 
calculation of the perception level of the opinion, the 
advantages provided by the VaderSentiment library 
for sentiment analysis were utilized. Finally, the fuzzy 
system was evaluated through a proof of concept 
carried out using comments and star ratings obtained 
through web scraping techniques from the Ebay 
website. The fuzzy system presented in this article 
can be used as a reference to support the marketing 
divisions of companies in conducting customer 
perception studies, so that companies can obtain not 
only quantitative but also qualitative feedback about 
the products and services offered, in order to define 
marketing strategies. 

The rest of the article was organized as follows: 
in section 2, the methodology considered in this work 
was presented. In section 3, the results obtained were 
described, in such a way that both the graphical 
interface of the system and the results of the proof of 
concept conducted were presented. Finally, in section 
4 the conclusions and future work obtained in this 
work are presented. 

 
2. Methodology 

 
To develop the research presented in this paper, 

an adaptation of the Rapid Application Development 
(RAD) methodology was carried out. The RAD 
methodology follows an iterative and incremental 
approach and consists of four phases: requirements 
planning, prototype design, iterative construction, and 
evaluation ( Figure 1) [18], [19], [20]. 
 

 
 

Figure 1.  Methodology considered 

In the requirements planning phase, the variables 
identified for the inputs and output were specified, as 
shown in Table 1. 
 
Table 1.  Input and output variables of the system 
 

Variable Description Ranges  
rating It is the first input to the 

system and corresponds to 
the star rating assigned by 
users or customers to a 
product or service 
published on an e-
commerce portal. 

1-5  

sent_perc The second input to the 
system is the perception 
determined from polarities 
(positive, negative, and 
neutral) obtained through 
the application of 
sentiment analysis 
techniques on user 
opinions regarding a 
product or service. If the 
value of this variable is 
closer to 1, the perception 
tends to be positive, while 
if the value is close to 0, 
the perception tends to be 
negative. Finally, if this 
value is close to 0.5, 
perception tends to be 
neutral. 

0-1  

perc_level The output of the system 
corresponds to the 
estimated percentage 
perception level based on 
the values of the inputs and 
the defined inference rules. 

0-100  

 
While the rating variable can be directly obtained 

through web scraping techniques from the reviews 
made by users on the products and services, the 
sent_perc variable is calculated based on the 
polarities (negative, neutral and positive) belonging 
to the user's opinion regarding a specific product or 
service. Thus, for the calculation of the sent_perc 
variable, Equation (1) [21] is used. 

 

𝑠𝑒𝑛𝑡_𝑝𝑒𝑟𝑐 =  �
𝑝

�𝑝2 + 𝑎
+  
√𝑎 + 1 − 1
√𝑎 + 1

�   (1) 

 
In Equation (1), p corresponds to the difference 

between the positive and negative polarity values 
(Equation (2)), while “a” is an arbitrary value that 
ensures that the three roots of the equation are exact. 
Therefore, possible values for “a” can be 3, 8, 15, etc. 

 
𝑝 = 𝑝𝑜𝑙𝑝𝑜𝑠 − 𝑝𝑜𝑙𝑛𝑒𝑔              (2) 
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In the prototype design phase, the inference rules 
were specified for the rating and sent_perc variables 
(inputs), as well as for the perc_level variable 
(output), taking into consideration the associated 
ranges for each of them. In the case of the input 
variable rating, 4 fuzzy sets were defined: poor, fair, 
good, and excellent, with their membership degree 
functions (Figure 2). 

 
 

Figure 2. Membership degree function of the rating 
variable 

 
Similarly, regarding the sent_perc input variable, 

3 fuzzy sets were defined: negative, neutral, and 
positive, which are associated with the three polarities 
obtained through sentiment analysis techniques. In 
Figure 3 it is possible to appreciate the membership 
degree functions belonging to the variable sent_perc. 

 

 
 

Figure 3.  Membership degree function of the sent_perc 
variable 

 
On the other hand, regarding the perc_level 

output variable, four fuzzy sets were defined: poor, 
fair, good, and excellent, each addressing different 
percentages covering the percentage range from 0% 
to 100%. The membership degree functions 
corresponding to the variable perc_level are presented 
in Figure 4. 

 
 

Figure 4.  Membership degree function of the  
perc_level variable 

 
Similarly, in this phase, the 12 inference rules 

were defined (Table 2), which allow to logically 
relate the fuzzy sets of inputs and output of the 
system, for the estimation of the level of perception in 
both numerical and linguistic terms. The defined rules 
consist of an antecedent and a consequent. In the 
antecedent, the fuzzy sets of the rating and sent_perc 
variables are related by means of a logical operator, 
while the consequent refers to the conclusion obtained 
in the perc_level variable, according to the result of 
the operation of the antecedent. 

 
Table 2.  Inference rules of the fuzzy system 
 

Id Antecedent Consequent  
1 rating = poor AND perc_level 

= negative 
perc_level = 

poor 
 

2 rating = poor AND perc_level 
= neutral   

perc_level = 
poor 

 

3 rating = poor AND perc_level 
= positive 

perc_level = 
fair 

 

4 rating = fair AND perc_level 
= negative 

perc_level = 
poor 

 

5 rating = fair AND perc_level 
= neutral 

perc_level = 
fair 

 

6 rating = fair AND perc_level 
= positive 

perc_level = 
good 

 

7 rating = good AND perc_level 
= negative 

perc_level = 
poor 

 

8 rating = good AND perc_level 
= neutral 

perc_level = 
fair 

 

9 rating = good AND perc_level 
= positive 

perc_level = 
good 

 

10 rating = excellent AND 
perc_level = negative 

perc_level = 
fair 

 

11 rating = excellent AND 
perc_level = neutral 

perc_level = 
good 

 

12 rating = excellent AND 
perc_level = positive 

perc_level = 
excellent 
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In the prototype construction phase, the fuzzy 
system was implemented, taking into account the 4 
functional modules that compose the system: 
fuzzification, inference system, defuzzification, and 
knowledge base (Figure 5). 

 

 
 

Figure 5. System functional modules 
 

The fuzzification module takes the rating and 
sent_perc variables as input to obtain the fuzzy sets 
associated with the inputs (in numerical and 
linguistic terms), considering the membership 
functions presented in Figures 2 and 3. From the sets 
defined for the two inputs of the system, the 
inference system makes use of the knowledge base 
(inference rules) to determine, through the 
defuzzification module, the output value or 
perception level (perc_level). 

For the implementation of the functional 
modules of fuzzification, defuzzification, as well as 
the configuration of the inference rules in the 
knowledge base, the JFuzzyLogic library in the Java 
language was selected. This library allows the 
specification of the fuzzy sets corresponding to the 
input and output variables, in addition to the 
specification of the inference rules in FCL (Fuzzy 
Control Language) in a plain text configuration file. 
In terms of obtaining the opinions and star ratings 
(input variable rating) from e-commerce portals, the 
Beautiful Soup library in Python was used for web 
scraping. Additionally, the VaderSentiment Python 
library was chosen to determine the polarities 
associated with users' opinions about products and 
services, to obtain the sent_perc variable. The 
graphical interface of the system was developed 
using the components provided by the Java Swing 
library. 

Finally, in the evaluation phase, a proof of 
concept was conducted on the implemented fuzzy 
system, in which comments and star ratings of a 
technological product from the eBay store were 
collected to determine the output perception level of 
users or customers using fuzzy logic.  

As mentioned previously, web scraping 
techniques were used to obtain the reviews and star 
ratings from the e-commerce portal. 

 
3. Results 

 

    The fuzzy system, based on the functional modules 
shown in Figure 5, was implemented in the Java 
programming language. The graphical user interface 
(GUI) of the system consists of four tabs: "Rating per 
User," "Sentiment Analysis," "Fuzzy Perception 
Analysis," and "Membership Functions", as shown in 
Figure 6.  
 

 
 

Figure 6. Main graphical interface of the system 
 

In the "Rating per User" tab, the star rating made 
by customers for a specific product is loaded into the 
system from a .csv file (variable input: rating). These 
ratings are displayed in a table with three columns: 
user, rating, and stars. Additionally, when the 
"Calculate" button is pressed, a bar chart showing the 
star ratings assigned by each user is created and 
displayed in this tab. As an example, in the sample 
data shown in Figure 6, out of the 6 total ratings, the 
highest rating is given by user 5 with 4 stars, while 
the lowest rating is given by user 2 with 2 stars. On 
the other hand, Figure 7 depicts the graphical 
interface of the "Sentiment Analysis" tab in the fuzzy 
system. 

In the "Sentiment Analysis" tab of Figure 7, the 
system loads the opinions of a set of users from a 
.csv file corresponding to the example star ratings 
presented in Figure 6. When the "Calculate" button is 
pressed, the system obtains the polarities of each 
opinion and the value of the sent_perc input variable 
using equation (1). It is worth mentioning that the 
value of this variable ranges from 0 to 1, so as it 
approaches 1, the polarity tends to be more positive.  
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Additionally, in the "Sentiment Analysis" tab, 
the fuzzy system displays a bar chart that shows the 
calculated values of the sent_perc variable for each 
opinion based on the polarities. For the calculation of 
polarities, the fuzzy system invokes a Python script 
in the background that utilizes the VaderSentiment 
library. The opinions, polarities, and corresponding 
values of the sent_perc variable for each opinion are 
displayed in a table with 6 columns: user, opinion, 
pos, neutral, neg, sent_perc. As an example, it can be 
observed that for the sample opinions in Figure 7, the 
highest value of the sent_perc variable is found in the 
opinion of user 6 with a value of 0.5, while the 
lowest value of the sent_perc variable is observed for 
user 1 with a value of 0.252.  
 

 
 

Figure 7. Interface of the "Sentiment Analysis" tab 
 

Additionally, Figure 8 presents the graphical 
interface of the "Fuzzy Perception Analysis" tab. 
 

 
 

Figure 8. Interface of the "Fuzzy Perception Analysis" 
tab 

 
 

In the "Fuzzy Perception Analysis" tab, the 
system loads the values of the rating variable and the 
sent_perc variable for each user or client who 
provided feedback on a product or service from the 
previous two tabs. Once the "Calculate" button is 
pressed, the system determines the output perception 
level (perc_level) in linguistic and numeric terms 
using the defined inference rules presented in Table 
2. These data are presented within the interface in a 
table with 4 columns: user, rating, sent_perc, and 
perc_level. Furthermore, upon pressing the 
"Calculate" button, the fuzzy system displays the 
inference rules that are activated in the calculation of 
the output variable and membership degree functions 
associated to the output variable, which shows the 
location of the estimated value determined by the 
system. Similarly, in this tab it is possible to obtain a 
report that contains the results calculated by the 
system for each record of the table, that is, for the 
two inputs of each user loaded from the .csv file 
containing the study data. As an example, Figure 8 
illustrates how, for the given test values, specifically 
for user 1 with a rating value of 3 and a sent_perc 
value of 0.252, the fuzzy system infers a value of 
27.569 for the perc_level variable. In this inference, 
the system activates rule 4 presented in Table 1 and 
displays the position of that level in the "poor" fuzzy 
set within the membership function. 

Continuing with the system description, the 
"Membership Functions" tab of the system is 
presented in Figure 9. In this tab, the system allows 
selecting a specific client from the perception study. 
Once the "Consult" button is pressed, the 
membership grade functions are displayed for the 
rating and sent_perc variables with their fuzzified 
values, as well the membership degree function of 
the perc_level variable with its defuzzified value. 
Similarly, the system presents the activated inference 
rules and the inferred value in both numerical and 
linguistic terms. For instance, in Figure 9, when user 
3 is selected from the test data, the system performs 
fuzzification on the input variable rating (3.0) and 
assigns it to the fuzzy set "fair." Similarly, the input 
variable sent_perc (0.264) is fuzzified to the fuzzy 
set "negative." As a result, rule 3 from Table 2 is 
activated, and the output variable perc_level is 
inferred to have a value of 27.682, which 
corresponds to the fuzzy set "poor." 
 



TEM Journal. Volume 12, Issue 4, pages 1939-1947, ISSN 2217-8309, DOI: 10.18421/TEM124-03, November 2023. 

1944                                                                                                                             TEM Journal – Volume 12 / Number 4 / 2023. 

 
 

Figure 9. Interface of the "Membership Functions" tab 
 

As mentioned in the methodology section, a 
proof of concept was conducted with the purpose to 
verify the functionality of the fuzzy system. Through 
web scraping techniques, data corresponding to the 
reviews and star ratings of a technological product 
from the Ebay portal were collected. Table 3 presents 
the 10 reviews and star ratings given to the 
mentioned product, extracted from the Ebay website. 

 
 
 

 

Table 3.  Opinions and ratings for a product from the Ebay portal 
 

User Opinion Rating  
1 Very easy to set up and use.  Love the face ID 

feature and is really quick to sign in.  The 
phone is a good size and fits safely in a pocket 
or a small bag and is not heavy. I have not got 
any negative points to share.  So glad I 
managed to finally upgrade to the IPhone X - it' 
been worth it. 

5  

2 Product is what I expected as I had same. 
Delivered as promised, eBay for me is a reliable 
platform with good deals and also secured. 

4  

3 Great design, good quality, ease of use. 5  

4 Really pleased with this phone so far. Works 
perfectly, great condition & battery life. 12 
months warranty too. 

5  

5 Good phone very fast only issue I have is 
battery barely last a day. 

5  

6 My husband got me this iPhone X to replace 
my 6s. This upgrade is perfect for my needs It 
is so much faster. 

4  

7 Just as it was said 5  
8 Just what I wanted 5  
9  A nice phone, shame it did not come with the 

accessories, when bought as new. 
4  

10 All ok. 4  
 

Utilizing the opinions and star ratings provided 
by users or customers for the technological product 
on the Ebay website, as presented in Table 3, the 
fuzzy system estimated the value of the perc_level 
variable. This estimation involved determining the 
input variable sent_perc by analyzing the polarities 
 
 
 

(positive, negative, neutral) of the 10 user or 
customer opinions (Table 4). Likewise, Table 4 
includes the average value calculated for the 
perc_level variable, providing an indication of the 
overall perception of the customers regarding the 
product. 
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Table 4.  Estimated results by the fuzzy system 
 

User Sent_perc Rating Perc_level  
1 0.677 5 82.362 

Good 
 

2 0.653 4 70.992 
Fair 

 

3 0.877 5 86.66 
Excellent 

 

4 0.746 5 85.956 
Excellent 

 

5 0.605 5 74.964 
Good 

 

6 0.58 4 67.326 
Fair 

 

7 0.5 5 70.271 
Fair 

 

8 0.5 5 70.271 
Fair 

 

9 0.491 4 61.61 
Fair 

 

10 0.5 4 65 
Fair 

 

Prom 0.613 4.6 73.534 
Good 

 

 
From Table 4, it was possible to observe that the 

highest level of perception corresponds to user 3, 
with a value in the perc_level variable of 86.66 
(linguistic level: Excellent), while the lowest 
perception level was obtained for user 9 with a 
perc_level value of 61.61 (linguistic level: Fair). 
Furthermore, the average perception level was 
73.534, corresponding to a linguistic level of good. 
The above can be better appreciated in Figure 10, 
where the membership degree functions determined 
by the system for the average values of the rating 
variable and the sent_perc variable are displayed. It 
can be observed in Figure 10 that, in the case of the 
average perception level, 4 inference rules 
(8,9,11,12) were activated, being rule 11 the one with 
the highest degree of membership. 

 

 
 

Figure 10. Membership functions for the average values  
of sent_perc and rating variables 

Based on the analysis performed by the fuzzy 
system on proof-of-concept data, it can be concluded 
that the system presents, as an added value, the 
combination of the traditional star rating method with 
the quantitative value associated with user opinions. 
This represents a key contribution for the marketing 
divisions of companies in making decisions with 
respect to the products and services they offer to their 
customers. 

 
4. Conclusions and Future Work 
 

Regarding traditional methods for estimating 
perception in the context of marketing, which rely on 
quantitative perception surveys or user ratings of 
products and/or services, this article proposes a new 
hybrid approach. In this approach, fuzzy logic is used 
to combine the quantitative value encapsulated in 
opinions through sentiment analysis techniques, and 
the quantitative value derived from user star ratings 
given to products and services on e-commerce 
platforms. The proposed approach allows for 
harnessing the quantitative value inherent in user 
opinions on corporate platforms to support decision-
making within marketing divisions of companies. 

The present research made use of different open-
source tools for the implementation of a fuzzy system 
supported by sentiment analysis techniques. This 
allows for the extrapolation of this research to 
different contexts where there is a desire to leverage 
the quantitative value of opinions along with other 
variables for user satisfaction estimation. As a tool 
for implementing the fuzzification and 
defuzzification modules, the system employed the 
jFuzzyLogic library, while sentiment analysis and/or 
opinion mining techniques were implemented 
through the benefits provided by the VaderSentiment 
library. 

The proposed fuzzy system demonstrated proper 
functionality and proved to be useful in conducting 
brand perception studies in the context of marketing. 
In this regard, the fuzzy system was designed and 
built to be extensible, allowing for the loading of a 
.csv file containing opinions and ratings provided by 
users for products and services published on an e-
commerce portal. It is worth mentioning that while 
the fuzzy system does not directly employ web 
scraping techniques for obtaining opinions and 
ratings from an e-commerce portal, the Beautiful 
Soup library was utilized to obtain data for the proof 
of concept. Thus, this library can be employed to 
retrieve data from different portals, provided a prior 
study of their website structures. 

The results obtained in the proof of concept 
demonstrated the feasibility of the fuzzy system in 
combining star ratings with the perception derived 
from sentiment analysis techniques.  
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In this regard, it was observed that when analyzing 
the average results of the proof of concept, the 
perception level obtained for a technological product 
sold on the Ebay platform was 73.534, corresponding 
to the linguistic level of "Good." 

As future work obtained from this research, it is 
intended to enhance the fuzzy system by including 
other input variables, such as the perception of users 
or customers on social media regarding the products 
or services offered by companies. This would involve 
adjusting the inference rules of the proposed system 
to accommodate this additional input. 
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