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Abstract

The aim of this study was to compare three web application test automation tools: Playwright, Cypress and Selenium.
The comparative analysis was carried out using an empirical study, which consisted of executing test scenarios and re-
viewing the documentation of the tested tools. The following measures were used as criteria for comparison: average test
execution time, average percentage CPU usage, average percentage RAM usage. Based on the results obtained and their
analysis, it was concluded that Playwright has shown higher effectiveness and flexibility in most test cases.
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Streszczenie

W artykule przeprowadzono analiz¢ porbwnawcza trzech narz¢dzi do automatyzacji testow aplikacji internetowych: Play-
wright, Cypress oraz Selenium. Analizy porownawczej dokonano z wykorzystaniem badania empirycznego, ktore pole-
galo na wykonywaniu scenariuszy testowych oraz przegladzie dokumentacji badanych narzedzi. Jako kryteria do poréw-
nania przyj¢to miary: Sredni czas wykonania testu, Sredni procent zuzycia procesora i §redni procent zuzycia pamieci
RAM. Na podstawie uzyskanych wynikoéw i ich analizy najlepsza efektywno$¢ osiagnal i najbardziej elastycznym
w wigkszosci przypadkdw testowych okazat si¢ Playwright.
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1. Introduction automatic screenshot and video capture functionality
which makes the testing process easier. Playwright is
a modern tool offering advanced features, stability and
multi-browser support.

In particular, the aim is to identify their advantages,
disadvantages and appropriate applications in different
testing contexts. The research hypothesis is that the
Playwright tool will show higher effectiveness, effi-
ciency and flexibility compared to other tools in most
test cases.

Software testing plays an important role in the software
lifecycle. It ensures that end users receive more reliable
applications and services. If the software testing phase
was to be skipped, the product could not only carry a cost
in financial terms but also in other aspects such as de-
creased end user trust.

Test automation is an area of software quality assur-
ance that differs from manual testing in that, instead of
a human, it is the software that carries out specific tests.
The benefits of automation are many, especially in sys- 2. Related works
tems that do not undergo major changes. Automated tests
are faster, more accurate and always produce the same
results, which cannot be said of manual testing, where
there is always some chance of human error when enter-
ing data or performing an incorrect operation in the sys-
tem.

Businesses around the world are increasingly digital-
ising. So, it is an obvious fact that more and more tools
will emerge over time to support the work of testers and
software quality engineers.

The main aim of present paper is to comprehensively
analyse and compare three popular tools that are used in
the software test automation process for web applica-
tions: Cypress, Playwright and Selenium. These tools
were chosen primarily because they are widely used. Se-
lenium is an older, proven tool with broad support for
many browsers and programming languages. Cypress
stands out for its simplicity and speed but also its

Since software testing is an important part of software
life cycle, it has attracted significant attention when it
comes to literature. The existing work about test automa-
tion can be divided into three groups.

First group [1-5] are publications regarding test auto-
mation models and theories. In [1-3, 5] several testing ap-
proaches and methods were researched and analysed in-
cluding: conceptual model supporting automated testing
decision-making process [1], analysis of open-source
projects’ automated test maturity [2], a method of priori-
tisation and automatisation of regression tests with use of
Selenium, Puppeteer and Playwright [5], novel approach
to GUI-Based Software testing with use of GPT-4 Al
model and Selenium [3]. In [4] the author focused on the
theory of software test automation, in particular: the se-
lection of test automation tools, the creation of independ-
ent test automation teams, an overview of software test
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automation tools, test environments and which tests
should be automated.

Second group are publications regarding more spe-
cific test automation tools and frameworks. In [6-12] the
authors decided to compare and analyse multiple tools
and frameworks such as: Selenium, Cypress, Robot
Framework, Playwright and Watir. In [6, 8] the authors
developed applications to be tested with the use of the
aforementioned tools. In [7, 9] already existing applica-
tions have been used. In [10-12] authors focused more on
functionalities and capabilities of these tools.

Third group [5, 13-15] are publications focused on
methods and practices regarding test automation. In [5]
the authors presented a method for prioritising and auto-
mating software regression tests that combines change-
based prioritisation and test script automation. In [13] the
authors conducted an empirical study comparing three
approaches to web-based test automation: natural lan-
guage processing (NLP)-based, programmable and cap-
ture&replay. In [14, 15] authors described theoretical and
practical foundations of software test automation.

Analysis of aforementioned publications provided
a wide variety of information about both the testing pro-
cess and the tools themselves. From the analysis, it is ap-
parent that these tools enable their use in many testing
contexts. Additionally, it can be seen that trends in the
web application test automation tools used have changed
over the years and that more modern Playwright may
have an advantage over currently the most popular Sele-
nium.

3. Materials and methods

To conduct a comparative analysis of web application
test automation tools (Cypress, Playwright, and Sele-
nium) a few research methods were used.

3.1. Selection of research methods

The first phase of research started with a literature review

to gather existing information about each one of the tools,

in particular about their functionalities and common uses.

Based on the reviewed literature evaluation criteria were

developed, including aspects such as:

e functionality: capabilities and limitations of the tools
in test automation,

e performance: test execution time and system resource
consumption,

o flexibility: ease of adapting the tool to specific testing
requirements,

e case of use: complexity of setup, availability of doc-
umentation, and community support.

For further analysis, experiment was conducted with
use of a pre-developed open-source e-commerce web ap-
plication. Each tool was applied to automate the same
sets of test cases, which has enabled their comparison.
The results were measured and analysed to assess
whether the differences between the tools were statisti-
cally significant.

3.2. Design of experiment

The research experiment was divided into a few key
stages:

1) Test environment preparation: a test environment was
created for the used web application. Each of the tools
was installed on the authors’ test machine and set up.
Test cases development: test cases were developed
for the web application, covering various real-life us-
age scenarios. These test cases included typical user
interactions with the application.

Test scripts implementation: test scripts for each of
the previously created test cases were written with use
of each of the analysed tools. The test scripts were
written as to be as similar as possible in terms of logic
to ensure differences in implementation wouldn’t dis-
rupt the results.

Tests execution: tests were executed in the previously
created test environment, with results collected on
test execution times and system resource usage.

2)

3)

4)

3.3. Analysed web application test automation tools
3.3.1. Cypress

Cypress is a popular testing framework which provides
support for test automation with use of JavaScript and
TypeScript programming languages. For real-time feed-
back and short test execution time, it operates in the same
execution loop as the application being tested.

3.3.2. Playwright

Playwright is a browser automation library developed by
Microsoft. It supports multiple programming languages,
including JavaScript, Python, C# and Java. It provides
support for parallel test execution and headless mode.
Playwright is a superb tool for automating complex sce-
narios with features such as browser context isolation and
network interceptions.

3.3.3. Selenium

Selenium is a popular browser automation framework
with a wide range of tools and libraries. Selenium that
operates with use of the WebDriver protocol. It supports
multiple programming languages (Java, Python, C#, Ja-
vaScript and more).

4. Research method

To analyse the web application test automation tools, the
chosen research method was to implement and execute
test scripts using each of the tested tools, and then meas-
ure the time and usage of system resources. A compari-
son of the available functionalities, community support
and documentation quality for each of the examined tools
was also made.

4.1. Objects and scope of research

The primary objective of this research is to conduct
a comparative analysis of three popular web application
test automation tools: Selenium, Cypress, and Play-
wright. These tools have been selected due to their popu-
larity and different architectures.
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The scope of the research involves evaluating the
tools based on their key functionalities, such as browser
and programming language support, but also the test ex-
ecution speed, system resource usage and ease of use.
To analyse each one of these tools test cases resembling
common web application scenarios — such as form sub-
mission and navigating the different modules of the ap-
plication — were created. Additionally, the research con-
sidered aspects such as setup complexity and community
support to provide a comprehensive comparison of these
tools.

4.1.1. Web application

A web application that presents a fictional tool shop was
selected for the study [16]. The application is mainly
written in PHP and TypeScript. It also has its own server
on which the research was conducted. The application is
fully free and has open-source code. The description of
the application's repository on the GitHub platform [17]
contains all the information required to begin the re-
search, including default test account credentials. Figure
1 shows the home page of the application.

£¥ToolsHE 0 e : s

Figure 1: Home page of the test application.
4.2. Research stand

The research was conducted on a workstation with the
specifications shown in Table 1.

Table 1: Research stand specification

CPU Intel i5-10400F 2.90 GHz
GPU GIGABYTE NVIDIA Ge-
Force RTX 3060
Kingston KF3600C16D4
RAM 16GBx2
Motherboard MSI B460M PRO
Hard drive SSD Kingston A2000 1TB
M.2
Display screen 1920x1080 resolution, 144
Hz refresh rate
Network 1 Gb/s LAN connection
Operating system Windows 10 Pr'o 64-bit
22H?2 version

4.3. Research Scenarios

A few research scenarios were prepared to properly ana-

lyse each one of the tools:

e scenario 1: Functional Tests - verifying that the basic
functionalities of the application work correctly, such
as user login, adding products to the cart, and

processing payments. Created test cases are presented
in Table 2.

e scenario 2: Performance Tests - measuring the per-
formance of each tool by analysing the test execution
time and resource usage (CPU, RAM) during test ex-
ecution to compare the efficiency of the tools.

e scenario 3: Usability Tests - evaluating the ease of
use of each tool by analysing the setup time, the qual-
ity of documentation and community support availa-
ble for each tool.

Table 2: Functional test cases created for the experiment

Id Test case

1. Registering a new user

) Signing in to the application using correct
' credentials

3. Adding products to shopping cart

4 Adding and removing products from shop-
' ping cart

5. Renting a service from “Rentals” page

6 Submitting a message using “Contact” form
) and attaching a text file

7 Signing in as standard user and adding prod-
) ucts as favourites

] Signing in as standard user and changing
) password

9 Signing in as standard user and downloading
) a PDF file from invoices history

10 Signing in as administrator and opening “Re-
' ports” section.

5. Results analysis

The main goal of this paper was to verify the research
hypothesis which stated that Playwright tool will show
higher effectiveness, efficiency and flexibility compared
to Selenium and Cypress in most test cases.

5.1. Functional tests

Test scripts were written and executed in Visual Studio
Code IDE [18]. Each of the test scripts has been executed
10 times and the results presented in Tables 3-5 have

Figure 2: Sample test script written with use of Playwright.
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5.2. Performance Tests

Each of the test scripts has been executed 10 times and
the results presented in Tables 3-5 have been averaged.
The resource usage has been measured with use of Win-
dows Performance Monitor tool [19].

Table 3: Average test execution duration in seconds

Data from Tables 3-5 has also been presented in Figures
3-5.

5.3. Usability Tests

Table 6 presents a detailed comparison of supported pro-
gramming languages, supported web browsers and vari-
ous functionalities which the analysed tools provide. Se-

) ) lenium supports the highest number of programming lan-
Test case | Playwright | Cypress Selenium guages but lacks built-in screenshot/video capture. Cy-
id ©) ©) ©) press supports only JavaScript and TypeScript languages
1. 2.51 3.49 2.76 which is less than Playwright. All three of the analysed
2. 1.84 1.98 2.28 tools support the same web browsers, headless mode and
3. 10.75 9.66 9.41 parallel test execution.
4. 12.69 11.97 11.56 Setup time for both Playwright and Cypress is simi-
5. 10.23 10.24 9.73 lar, as they can be installed simply by downloading their
6. 2.04 276 2.57 respective npm [20] packages. Both of them also require
7. 6.23 6.13 5.04 Node.js runtime environment [21] to be installed on the
Y 1039 12.12 10.45 local machine. For Selenium however the setup process
9. 376 39 4.09 can be more difficult because it varies for different Sele-
10. %) 755 315 nium hbrarles.anfi can involve gddlng additional depend-
encies or modifying configuration files.
Table 4: Average CPU usage during test execution The community support for all three of the analysed
. . tools is significant but recently Playwright popularity has
Test case Play(\:vrlght Cy}oaress Selinlum gone up aid according to npnz trenzl\s?V[ZgZ] I?lagwrigh}; has
id (%) (%) (%) surpassed both Cypress and Selenium in number of
é- 1 2-66 1292 ;iig downloaded npm packages and GitHub stars as shown in
3. 14.38 15.32 1543
Table 6: Comparison of Playwright’s, Cypress’s and Selenium’s char-
4. 13.37 17.48 14.71 acteristics
5. 18.39 16.33 14.01
6. 15.65 19.98 22.57 Playwright | Cypress Selenium
7. 23.11 26.95 21.86 . JavaScript,
8. 20.89 21.73 2235 suonorted | ToSCPY | javas- | Groovy, CH,
9, 20.66 26.16 17.49 upporte ype cript, Java, Perl,
10, 18.91 23.77 2436 programming | Script, C#, | | pyp py.
languages Ruby, Py- Script thon, Ruby
Table 5: Average RAM usage during test execution thon, Java S’cala ’
Test case | Playwright Cypress Selenium g ed Chrome, C]};ijome’ Chrome,
id (70) (70) (70) upporte Edge, Fire- ~age, Edge, Fire-
1. 28.88 33.01 26.55 web browsers fof, Safari Féreffo’." fof, Safari
2. 28.93 33.12 26.66 oo 2
3. 28.57 33.19 27.27 mode Yes Yes Yes
4. 29.17 33.27 27.39 Parallol tost
5. 29.62 3341 27.36 execution Yes Yes Yes
6. 29.58 33.13 26.92 Scroen-
7. 28.55 33.76 29.71 shot/video No built-in
g' ggié ggg? gg% capture fea- Yes Yes feature
. . . . ture
10. 27.97 33.37 29.38 Assertion li- Mocha, Mocha, JUnit,
braries Chai Chai TestNG
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Figure 3: Average test execution duration in seconds.
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Figure 4: Average CPU usage during test execution.
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Figure 5: Average RAM usage during test execution.
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Figure 6: Number of downloaded packages and GitHub statistics.

Playwright, Cypress and Selenium offer comprehen-
sive documentation to support automated testing activi-
ties. Playwright has modern, well-organised documenta-
tion making it easy to learn for both beginners and ad-
vanced testers. Cypress stands out for its intuitive guides
but it could prove to be more challenging for beginners
because there are less entry-level guides than Playwright
documentation. Selenium offers extensive documenta-
tion, but it can seem outdated and complex in part due to
its unintuitive structure and very few beginner-friendly
guides.

6. Discussion

The main aim of this paper was to investigate the relative
effectiveness, efficiency, and flexibility of three promi-
nent web application test automation tools — Selenium,
Cypress, and Playwright.

In case of test execution time Playwright has achieved
the best result in more than half of prepared test cases
(Table 3, Figure 3). Playwright performed best when ap-
plied to shorter test cases, however in more complex test
cases Playwright performance was more similar to that of
Cypress. Selenium, surprisingly, has had the shortest test
execution time in the rest of prepared test cases (Table 2).

Both Playwright and Cypress showed similar perfor-
mance on CPU (Table 4, Figure 4) in most test cases with
a slight Playwright advantage, while Selenium achieved
significantly higher CPU usage in more than half of exe-
cuted test cases, highlighting that Cypress’s design,
which focuses on JavaScript/TypeScript environments,
contributes to its efficiency but and Playwright’s effi-
ciency especially since it’s the newest of the tools ana-
lysed in this paper.

Selenium has achieved significantly better results
when it comes to RAM usage (Table 5, Figure 5)— the
lowest usage percentage of all three tools in more than
half all test cases, with Playwright achieving the best re-
sult in all other test cases. Cypress has performed the
worst in all of the written test cases achieving statistically
significant difference in memory usage.

All of the analysed tools share many common charac-
teristics because they are often used in similar testing
contexts, however Playwright stands out because of its’
support for many different programming languages,
which is most apparent when compared to Cypress, alt-
hough not as many as Selenium. However, when com-
pared to Selenium, Playwright has more different func-
tionalities (Table 6) which could prove to be useful to
software testers. Playwright and Cypress are similar in
both the setup complexity, which is considered to be sim-
ple and intuitive, but also in quality of their documenta-
tion. Selenium’s setup is more complicated and its docu-
mentation is not as intuitive or doesn’t offer many begin-
ner-friendly guides, which could discourage less experi-
enced testers from using this automation tool.

In comparison to the findings presented in previous
studies, especially to [5] results presented in this paper
are similar, Playwright has proven to be superior to Sele-
nium and Puppeteer automation tools in the context of
average test case execution speed and performance.

7. Conclusions

In this study the comparative analysis of three test auto-
mation tools was realised with use of an empirical study,
which consisted of writing and executing test scenarios
and reviewing the documentation and functionalities of
the analysed test automation tools.
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The results support the hypothesis that Playwright
would show superior effectiveness and flexibility, mak-
ing it a strong contender for modern test automation sce-
narios in the context of web applications. However, the
final choice of test automation tool for a project should
be made with needs and constraints of that specific pro-
ject in mind.

Future research could focus on similar comparative
analysis of presented tools but place them in different
testing context scenarios such as API testing, security
testing or load testing to analyse if that change of testing
context had an impact on the conclusions presented in
this study.
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