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Abstract: Performance testing of e-commerce site is important for upcoming improvement and making better user 
experience which is performed by several web performance testing tools available on online platform. There are several 
tools user can use to scan their site for performance testing. This paper presents a web-based application to collect and 
compare performance parameters with results automatically by applying WebpageTest, PageSpeed Insights and 
GTmetrix tools. For doing the test comparison nine parameters are considered and these are Load Time, First Byte, 
Start Render, First Contentful Paint, Speed Index, Largest Contentful Paint, Cumulative Layout Shift, Total Blocking 
Time and Time to Interactive parameters. The framework is developed with PHP, MySQL, CSS and HTML, where user 
will provide intended site’s url to test performance. This paper presents the performance of ten e-commerce sites of 
Bangladesh. Among the three tools WebpageTest and Gtmetrix can collect the reports of all the parameters. 1.62 (site7), 
3.25 (site4) and 1.89 (site7) seconds are reported as lowest value for tools WebPageTest, PageSpeed Insight and 
Gtmetrix respectively. The average results of three tools are measured where, the minimum value is shown as 0.03 
seconds for ‘total blocking time’ by site7. And maximum value is shown as 17.78 seconds for ‘load time’ parameter 
recorded by site10. 
 
Index Terms: Web performance testing tools, scalability, speed, stability, load time. 
 
 

1. Introduction 

E-commerce sites handle large number of users concurrently. As the number of users increases day-by-day, the 
performance of the sites plays significant role to keep the user satisfied and thus keep site trends in a good shape. 
Performance testing is a non-functional requirement which check the system parameters in terms of responsiveness and 
stability beneath varied workloads. This testing is performed by different scanners available on the online platforms. 
These tools live the standard attributes of the system, like quantifiable, dependableness, resource usage, etc.  

There are several advantages of performance testing tools like (i) validate the basic options of the system, (ii) 
measure the speed, accuracy and stability of system, (iii) determine discrepancies and resolve problems, (iv) improve 
optimization and load capability, etc. Performance testing also examines the sites behavior on multiple devices. 

There are several existing works related to website performance analysis such as paper [1] discussed performance 
testing as well other testing methods to handle the website development challenges. Comparison among three 
automated user acceptance testing tools for web application has been described in [2]. The work [3] presents a load-
based testing tool which allows the performance analysis of web applications by means of scalability. The research 
presented, a model-based performance testing tool that measures the performance on web applications and services 
using the measurement technique [4,5,6]. Whereas the work [7] described an approach to automatically analyzes the 
execution logs of a load test for performance problems. The new automation testing tool selenium web driver has been 
described in [8]. The paper [9] investigates open-source web service testing tools for lack of parameters such as 
response time, number of data processed in terms of bytes and throughput. The paper [10] presents a comparison made 
between selenium and other tools to find the best tool and on the basis of the results; a case study is presented to explore 
the performance of the selenium. Even though several performance analysis research exists in the literature and 
discussed different web scanner tools like PageSpeed Insights, Webpage test and Gtmetrix. However, an automatic web 
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framework is essential to collect web performance data using different scanners and compare the results. This will 
remove users hassle and difficulties in terms of using different tools for the same website. 

To this end, a web-based framework is presented in this research to collect web performance records, analyze, 
compare and finally store for future usage. Three reputed web performance analyzers has been incorporated to collect 
and compare the e-commerce site data. This framework will show how a website can behave and respond during 
various situations. Thus, it will help developers to test the speed and stability of their website. 

The framework takes the urls as input and produces the test results of each website using three different tools 
which are (i) WebpageTest (ii) PageSpeed Insights and (iii) GTmetrix. The results are stored to the database for further 
use and analysis. Also, the system will create a graphical comparison representation among all the sites based on 
considered performance parameters such as Load time, First Byte, Start Render, etc. using the stored results. In addition, 
the system has provision to save the comparison results by the registered users. 

The proposed system contains two modules named as frontend and backend module which are developed with 
PHP, MySQL, CSS, HTML. The user will interact with frontend module to collection website performance records 
after getting registered. A user can scan web performance records of web applications by providing the respective 
website url. The framework will scan the given sites automatically using the mentioned three tools. 

According to the result analysis among ten web applications, the lowest and highest average performance score is 
1.62 (site7) and 10.99 (site8) respectively shown by WebpageTest tool. The PageSpeed Insight tool records 3.25 (site4) 
and 10.12 (site2) as minimum and maximum seconds respectively by PageSpeed Insight tool. However, the tool reports 
0.00 second for ‘cumulative layout shift’ by site8, which indicates either the tool could not detect any record, or the site 
consumes 0 second for this parameter. Where, the site2 records 24.10 seconds for ‘time to interactive’ parameter, so this 
site will take more time to be interactive compared to other experimented sites. The third tool, GTmetrix reports 1.89 
(site7) and 9.56 (site8) seconds as lowest and highest average performance respectively. 

Finally, the average records of these three tools are measured where, the lowest value is shown as 0.03 seconds for 
‘total blocking time’ by site7. And highest value is 17.78 seconds for ‘load time’ parameter recorded by site10. Three 
tools’ bottommost and uppermost average performance is 2.34 and 9.53 seconds for site7 and site8 respectively. 

The main contribution of this performance testing framework is to collect performance data automatically and 
generate graphs depend on testing performance data. Also, user can compare and save two or more site results at a time 
with a single click. 

The rest of this paper is organized as follows; Section 2 discusses the related work. Section 3 is about empirical 
data collection. Section 4 illustrates the data analysis. Finally, section 5 concludes this paper with future research 
direction. 

2.  Related Works 

There are some existing works related to website performance analysis. There are different types of testing like 
Functional Testing, Usability Testing, Performance testing, Security Testing, Interface Testing and Compatibility 
Testing methods discussed in [1] which will help in handling challenges during the website development. Comparison 
among three automated user acceptance testing tools for web application has been described in [2]. The evaluation is 
based on the usability criteria of the tools. The three tools evaluated are Acceptance Test Driven Development. Three 
proposed tools are Test Complete, Selenium Web driver and Watir Web driver. These three tools undergo usability 
criteria testing that include efficiency, effectiveness, satisfaction and error. From the evaluation, Watir Web driver has 
been proven as the best testing tool based on usability criteria of user acceptance testing. 

The work [3] presents a Web Application Load based Testing tool which is a set of tools that allows the 
performance analysis of web applications by means of scalability. It is based on workload characterization generated 
from information extracted from log files. The workload is generated by using customer behavior model graphs. The 
workload used to evaluate the web application under test which is the representative of the real traffic that the web 
application has to serve. In [6], they present a model-based performance testing tool that measures the performance on 
web applications and services using the measurement technique. The tool uses models to generate workload which is in 
real-time, and it measures different performance indicators. The models are defined using probabilistic timed automata. 
It describes how load is generated from the models and the features of the tool. 

An approach which automatically analyzes the execution logs of a load test for performance problems has been 
described in [7]. They first derive the system’s performance baseline from previous runs. Then they perform an in-depth 
performance comparison against the derived performance baseline. Case studies show that their approach produces few 
false alarms with a precision of 77%. A new automation testing tool Selenium web driver has been described in [8]. The 
paper [9] investigates open source web service testing tools wildly for lack of parameters such as response time, number 
of data processed in terms of bytes and throughput which are then added to it through the modification of the tool. 

The paper [10] presents a comparison made between selenium and other tools to find the best tool and on the basis 
of the results; a case study is presented to explore the performance of the selenium. An approach is used to analyze web 
application services and to report test results has been depicted in [11]. The approach uses Genetic Algorithm to 
generate Virtual Users which act as workloads. The generated workloads are applied to the System under Test for 
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measuring various important performance indicators. The generated test reports help testers to measure performance of 
web application services under different conditions.  

Paper [12] describes a set of software tools to support the testing of web-based applications. The tool set covers 
application model extraction, test execution automation, and test design automation. In addition, a graph-based 
application model is also presented to model the behavior of web-based applications. With the graphic presentation, 
several traditional software testing techniques are extended to test web-based applications. 

The paper [13] proposes the idea of modeling infrastructures as a general solution to the problems and describes a 
particular infrastructure that they have developed. It creates EMOD a tool for modeling the performance of e-commerce 
sites. It shows how EMOD can be used to model a particular site and validate its predictions. An automatic 
conformance testing tool with timing constraints from a formal specification Timed Extended Finite State Machine of 
web services composition has been implemented in [14] by an online testing algorithm. This algorithm combines 
simultaneously the idea of test execution and debug to generate and simultaneously execute the test cases. The paper 
[15] describes the tool WSDLTest for automatic testing of web services. The tool can be used for testing of web 
services for which WSDL 1.1 or WSDL 2.0 documents are available.  

The e-commerce site’s privacy policy and security issue are examined by paper [17] to analyze user’s personal 
data and security vulnerabilities. This survey study leverages penetration testing tools to collect data. Where, 
vulnerability issues of e-commerce sites have been experimented by [18] applying both technical and non-technical 
strategies. The study finds that vulnerabilities are exists in most of the e-commerce sites which causing unsecure for 
customers to trust their private data. The research [19] demonstrated the website’s usability and accessibility issues for 
Nigerian banks websites. The study applied both manual and automated approach to evaluate the accessibility and 
usability issues and check the websites standard as defined by Web Accessibility Initiate. 

3.  Empirical Data Collection 

E-commerce sites handle large number of users concurrently. As the number of users increasing day-by-day, the 
performance of the sites plays significant role to keep the user satisfied and thus keep site trends in a good shape. For 
this purpose, web application performance data collection system made automate in this proposed web-based 
framework. Where three reputed web performance analyzers has been incorporated to collect and compare the 
ecommerce site data. The details regarding proposed e-commerce website performance comparing framework are 
presented in the following sections and depicted in Fig. 1. 

 

 
Fig. 1. Overview of the proposed method 
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The Fig. 1 illustrated the overview of the proposed system where a registered user can test the performance of any 
web application by providing the urls of the sites like url1, url2, ..., url10. The framework takes the urls as input and 
produce the test results of each website as R1, R2, ..., R10. The system collects the performance records for the given 
url using three different tools which are (i) PageSpeed (ii) Insights, (iii) Webpage test. The results are stored to the 
database for further use and analysis. The developed web application creates a graphical comparison representation 
among all the sites based on considered performance parameters such as Load time, First Byte, Start Render, etc. using 
the stored results. The system has option to save the comparison results by the registered users. 

3.1. Data Scanning Tool Selection 

The developed framework incorporated three web performance analyzers to collect website performance data. 
These tools work as the fundamental tool of this web framework. The tools are selected based on their availability, 
functional performance, stability, etc. The overview of the experimented tools is given below. 
 

• Webpage Test: This is one of the most popular and open source web performance testing tool. User can test a 
site considering different locations and browsers using this scanner. 

• PageSpeed Insights: This is a reliable web performance analyzing to scan user experience for a given site 
accurately. For a web page, this tool generates performance results for both mobile and desktop devices. This 
is also a free tool. 

• Gtmetrix: This is used to analyze the performance of a web page with a single click for different location, 
browsers, connection speed and more. The basic usage of this tool is free to test and monitor web pages’ 
performance. 

3.2. Proposed Framework Development 

The system contains two modules named as frontend and backend. Both the module is developed with PHP, 
MySQL, CSS, HTML. The user will interact with frontend module to collection website performance records where 
user will register first with their details. The registration system requires username, user id, email, password, security 
question, security answer. 

After getting registered with the framework, a user can scan web performance records of web applications by 
providing the respective website urls. The proposed framework will scan the given sites automatically using the 
considered three tools (i) PageSpeed (ii) Insights, (iii) Webpage test. 

The control of the proposed system will remain under the admin user. Upon completion of performance testing, 
this system can compare and save the test result for a particular website. In addition, the application will generate a pdf 
file consisting of detail report for further use. 

4. Findings and Data Analysis 

The collected data has been analyzed and compared to identify the significant problems in the e-commerce sites. 
These results can help to mitigate the problem in the site in the next version release. For this empirical analysis, top ten 
e-commerce sites of Bangladesh have been considered to scan the data using this web-based framework. All the 
discussed results are collected and analyzed using the proposed web-based framework. 

4.1. Environment Setup 

For this empirical data collection following software and hardware has been used. HTML, CSS, JavaScript, PHP, 
MySQL, Fpdf17, XAMPP and windows OS has been used as software requirements. Whereas workstation consisting of 
intel core-i5, 50GB hard disk and 4 GB RAM is used to run the web application. 

4.2. Data Collection 

The data has been collected for nine parameters and plotted in Table 1, Table 2 and Table 3 for tools WebPage 
Test, PageSpeed Insight and Gtmetrix respectively. And the average results of these tools are shown in Table 4. The 
tables heading Site1, Site2, Site3, etc. are indicating the e-commerce site-1, site-2 site-3, etc. respectively. And the 
performance parameters named as (i) Load Time, (ii) First Byte, (iii) Start Render, (iv) First ContentFul Paint, (v) 
Speed Index, (vi) Largest Contentful Paint, (vii) Cumulative Layout Shift, (viii) Total Blocking Time and (ix) Time to 
Interactive are given in the row. The value represents in second and ceiled to two decimal points. 

For collecting performance results using the proposed framework top e-commerce sites of Bangladesh has been 
selected according to a recent survey by an agency of Bangladesh which was published online. This paper is not 
mentioning the name of the sites because of preserving the privacy issue. 
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Table 1. Performance Results for WebPage Test 

Sl. Parameters Site1 Site2 Site3 Site4 Site5 Site6 Site7 Site8 Site9 Site10 

1 Load Time 9.47 20.58 10.55 8.93 16.05 9.89 3.85 14.81 13.64 20.05 
2 First Byte 1.34 2.15 1.57 1.08 1.92 1.17 0.95 12.38 1.13 2.14 

3 Start Render 2.30 3.00 3.00 1.90 4.00 2.50 1.40 14.00 2.30 4.60 
4 First Contentful Paint 2.27 2.99 3.02 1.93 4.04 2.45 1.41 13.97 2.29 4.63 
5 Speed Index 3.52 14.29 3.33 2.96 7.74 3.96 1.66 14.06 8.58 12.39 

6 Largest Contentful Paint 6.64 3.89 3.45 4.23 7.41 5.97 1.56 14.24 7.56 15.64 
7 Cumulative Layout Shift 0.06 0.06 0.04 0.05 0.30 0.14 0.36 0.62 0.14 0.15 

8 Total Blocking time 0.14 1.03 0.61 0.00 0.87 0.55 0.00 0.00 1.23 0.31 
9 Time to Interactive 7.41 16.73 6.90 3.82 15.70 8.85 3.38 14.81 11.46 12.87 

Average 3.68 7.12 3.61 2.77 6.45 3.95 1.62 10.99 5.37 8.09 

 
As stated in Table 1, WebPage test tool scanned for nine parameters, and it shows the values for all. The parameter 

‘load time’ shows 20.58 as maximum value for site2, which indicates the site needs more load time than others. Where, 
the site7 records 3.85 as a minimum load time. For ‘first byte’ parameter it is lowest and highest value is 0.95 (site7) 
and 12.38 (site8) respectively. Considering average value for all the parameters, best and worst records are shown by 
site7 (1.62) and site8 (10.99) respectively. The tool shows ‘total blocking time’ parameter value as 0.00 for site4, site7 
and site8. 

Table 2. Performance Results for PageSpeed Insight 

Sl. Parameters Site1 Site2 Site3 Site4 Site5 Site6 Site7 Site8 Site9 Site10 
1 Load Time - - - - - - - - - - 
2 First Byte - - - - - - - - - - 

3 Start Render - - - - - - - - - - 
4 First Contentful Paint 2.60 3.40 1.90 3.30 3.60 3.90 2.40 5.10 3.00 6.10 

5 Speed Index 9.30 12.90 6.10 4.10 10.20 11.90 13.70 14.40 16.20 8.90 
6 Largest Contentful Paint 14.9 9.00 2.90 4.10 8.80 17.30 2.80 5.40 14.80 7.60 
7 Cumulative Layout Shift 0.44 0.25 0.07 0.50 0.05 0.01 0.49 0.00 0.88 0.05 

8 Total Blocking time 1.32 11.05 2.84 0.22 2.08 1.55 0.07 0.45 2.18 0.16 
9 Time to Interactive 16.60 24.10 13.70 7.30 19.30 16.90 5.60 8.00 14.80 21.00 

Average 7.53 10.12 4.59 3.25 7.34 8.60 4.18 5.56 8.64 7.30 

 
According to Table 2, the PageSpeed Insight scanner can collect records for (i) First Contentful Paint, (ii) Speed 

Index, (iii) Largest Contentful Paint, (iv) Cumulative Layout Shift, (v) Total Blocking Time and (v) Time to Interactive 
parameters. However, it is unable to detect any records for remaining three parameters. Among the scanned results, 
site8 shows 0.00 for ‘cumulative layout shift’, which indicates either the tool can not detect any record, or the site 
consumes 0 second for this parameter. Where, the site2 records 24.10 for ‘time to interactive’ parameter, so this site will 
take more time to be interactive compared to other experimented sites. The average minimum and maximum values are 
3.25 (site4) and 10.12 (site2) respectively. 

Table 3. Performance Results for Gtmetrix 

Sl. Parameters Site1 Site2 Site3 Site4 Site5 Site6 Site7 Site8 Site9 Site10 

1 Load Time 7.90 13.20 6.90 7.00 10.80 8.70 4.00 13.10 13.40 15.50 
2 First Byte 1.20 2.00 1.10 0.10 1.30 1.50 1.30 11.30 1.30 1.20 

3 Start Render 1.50 2.10 1.70 1.70 2.80 2.70 1.70 12.20 2.30 2.90 
4 First Contentful Paint 1.50 2.20 1.70 1.70 2.80 2.70 1.70 12.20 2.30 2.90 
5 Speed Index 2.40 6.50 1.90 2.60 6.30 4.10 3.80 12.40 5.90 7.40 

6 Largest Contentful Paint 2.90 12.80 2.00 3.00 7.10 5.30 2.00 12.30 13.40 9.70 
7 Cumulative Layout Shift 0.09 0.07 0.00 0.11 0.50 0.01 0.48 0.57 0.61 0.25 
8 Total Blocking time 0.11 0.43 0.79 0.08 1.10 0.56 0.02 0.00 0.88 0.44 

9 Time to Interactive 2.00 7.10 5.00 3.90 9.70 3.50 2.00 12.20 9.90 8.00 
Average 2.18 5.16 2.34 2.24 4.71 3.23 1.89 9.56 5.55 5.37 
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As stated in Table 3, the site3 and site8 shows 0.00 second in case of ‘cumulative layout shift’ and ‘total blocking 
time’ respectively.  The tool records highest and lowest ‘load time’ as 15.50 and 4.00 seconds for the site10 and site7 
respectively. Even though, the site site8 shows 0.00 second for ‘total blocking time’, it records maximum time for (i) 
first byte, (ii) Start Render, (iii) First Contentful Paint, (iv) Speed Index, (v) Largest Contentful Paint and (vi) Time to 
Interactive parameters. The lowest and highest average performance values are 1.89 (site7) and 9.56 (site8) seconds 
respectively. 

Table 4. Average of WebPage Test, PageSpeed Insight and Gtmetrix 

Sl. Parameters Site1 Site2 Site3 Site4 Site5 Site6 Site7 Site8 Site9 Site10 

1 Load Time 8.69 16.89 8.73 7.97 13.43 9.30 3.93 13.96 13.52 17.78 
2 First Byte 1.27 2.06 1.34 0.59 1.61 1.34 1.13 11.84 1.215 1.67 
3 Start Render 1.90 2.55 2.35 1.80 3.40 2.60 1.55 13.10 2.30 3.75 
4 First Contentful Paint 2.12 2.86 2.21 2.31 3.48 3.02 1.84 10.42 2.53 4.54 
5 Speed Index 5.07 11.23 3.78 3.22 8.08 6.65 6.39 13.62 10.23 9.56 
6 Largest Contentful Paint 8.15 8.56 2.78 3.78 7.77 9.52 2.12 10.65 11.92 10.98 
7 Cumulative Layout Shift 0.20 0.13 0.04 0.22 0.28 0.05 0.44 0.397 0.54 0.15 
8 Total Blocking time 0.52 4.17 1.41 0.10 1.35 0.89 0.03 0.15 1.43 0.30 
9 Time to Interactive 8.67 15.98 8.53 5.01 14.9 9.75 3.66 11.67 12.05 13.96 

Average 4.07 7.16 3.46 2.78 6.03 4.80 2.34 9.53 6.19 6.97 

 
The measured average performance records for each parameter have been plotted in Table 4. The average value 

has been calculated using considering the three tools scanning output. According to this table, the lowest value is 0.03 
for ‘Total Blocking Time’ by site7. And highest value is 17.78 seconds recorded by site10 for ‘Load Time’ parameter. 
The three tools’ lowest and highest average performance is 2.34 and 9.53 seconds for site7 and site8 respectively. 

Beside individual tool’s results analysis, the proposed framework generates average results as Table 4 to compare 
each parameter value for ten sites. As the Pagespeed tool could not collect data for ‘Load Time’, ‘First Byte’ and ‘Start 
Render’ parameters, the average is calculated using the records of Webpage Test and Gtmetrix tools. Using Table 4, a 
user can easily find out the major performance difference among the sites and can take necessary action. 

5. Conclusion 

This paper presents a web-based framework for performance analysis for any given website automatically. It can 
show the developers how a website can behave and respond during various situations. It will show them the speed and 
stability of their tested websites. To use this system, a user needs to register and provide the website’s url for 
performance analysis of the given web application. The framework uses Webpage Test, PageSpeed Insights and 
Gtmetrix web performance tools to scan the given website url. The performance records have been collected for nine 
parameters such as Load Time, First Byte, Start Render, First Contentful Paint, Speed Index, Largest Contentful Paint, 
Cumulative Layout Shift, Total Blocking Time and Time to Interactive parameters. The individual scanner records as 
well as average of three scanners have been generated by the developed framework in order to analyze status of the 
performance of the sites. According to the average results, site7 scored lowest for ‘Total Blocking Time’ among the 
considered ten sites. The site10 scored 17.78 seconds as Load Time, which indicates that this site takes more loading 
time compared to others. At present, this web-based application works only in the computer system. Development of 
mobile version as well as increased number of test limit will be the future research direction. 
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