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Abstract

Web applications have become fundamental to our lives, thus test-
ing methods ensuring their quality are essential. Usually, Web test
automation frameworks and tools use locators to interact with
the GUI, serving as hooks to the widgets within Web pages. How-
ever, locators are known to be one of the most significant points of
fragility in Web testing, due to their susceptibility to rapid software
evolution impacting the Web pages structure. While gamification
strategies have been recently incorporated into theWeb testing pro-
cess to increase testers engagement, by means of tasks and rewards
tailored around test activities, they have not yet been applied to
locators robustness. In this paper, we introduce TestQuest, a tool
under development that adapts gamification to improve locators
robustness, by employing evaluation metrics and best practices
designed to make testing via locators more engaging for testers,
potentially enhancing the overall test quality.
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1 Introduction

The widespread use of Web applications in our lives requires effec-
tive testing techniques to ensure the test artifacts remain aligned
with the rapid software evolution [25]. One of the most widely used
Web testing tools is Selenium [41], which provides APIs to interact
with Web elements via locators, i.e., hooks pointing to elements
according to several strategies operating over the Document Object
Model (DOM) describing the Web pages (e.g., locating an element
by name or by XPath descriptor).
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Writing test cases manually, even with the aid of test-assistance
tools, can be a burdensome task. Automated test generation tech-
niques can be employed, from basic random exploration strategies
to more sophisticated ones, involving systematic explorations of
Web pages, scriptless approaches driven by GUI changes, and rein-
forcement learning algorithms [8]. However, these techniques often
rely on locators, which are found to be one of the main points of
fragility inWeb testing [22], as they rely on the structural properties
of the DOM, meaning that even small changes on the GUI during
software evolution may potentially break the links between loca-
tors and Web elements. Ensuring that locators are robust enough
to survive software evolution, and repairing them when they fail,
requires significant effort in identifying the most robust locator
strategies, making it a time-consuming and tedious task. There
exist techniques to automatically generate locators that incorporate
robustness heuristics, but these may still require iterative man-
ual fixtures to adapt them to the application under test (e.g., to
implement parametric test scripts) [28, 30, 33].

In support of Web testing, the Page Object was proposed as a
powerful design pattern [15, 24], whosemain contribution is placing
an indirection layer between test logic and Web pages structure,
making test scripts agnostic of any structural details, encapsulating
them within page abstractions. This intermediate layer can ensure
that changes in the Web pages require minimal updates to the
test code, as the locators are centralized within Page Objects, thus
favoring more robust and maintainable test artifacts. Still, manual
testing activities survive as Page Objects can require ad-hoc repair
interventions and design decisions.

The gamification paradigm has thus emerged to adapt game ele-
ments even to the testing domain, to make testing activities more
appealing [10]. Gamification may help in promoting testing so that
it is performed more frequently, tailoring tasks and rewards around
patterns and best practices to guide the testers, and challenge their
creativity in producing test artifacts of high quality. Additionally,
gamification can be used for educational purposes, conveying test-
ing concepts [4]. However, in the literature, unit testing is the main
focus of gamification, whereas Web and GUI testing have mostly
been neglected [10, 17].

To this end, we propose TestQuest, a plugin for IntelliJ IDEA
that supports locators robustness in Web testing, by integrating
a gamification infrastructure within the test environment, thus
encouraging the testers to implement robust locators in exchange
for rewards, achievements, and profile customization. To the best of
our knowledge, gamification has not yet been applied in the context
of locators robustness. This paper is organized as follows: Section 2
provides some background and literature review about Web testing
and gamification domains, then Section 3 presents the TestQuest
tool, Section 4 discusses the tool limitations and advancements, and
finally Section 5 drafts some conclusions.
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2 Background

In the following, we introduce some literature background about
locators, Page Object pattern, and gamification, taken as inspiration
for our approach. As an example to guide the presentation of the key
concepts, Figure 1 shows a Selenium test script accompanied by the
login Web page of the open-source application PrestaShop1, subject
of the example. The test script uses a driver object provided by
Selenium to manage browser instances (e.g., Firefox). The first line
of the loginTest() method is a call to the Selenium API that opens
the app at the specified URL. The next three instructions retrieve
the widgets to interact with (two text fields for email and password,
respectively, and submit button), using the findElement() method,
which supports various locator strategies over the DOM, through
the By class; once located, the sendKeys() and click() commands
are executed on the widgets to complete the form submission, re-
spectively by providing the input data to fill the text fields and by
clicking on the submit button.

2.1 Locator

In Web testing, a locator is a hook pointing to a Web element
within a Web page. A locator is characterized by a type, referring
to the strategy exploiting the Web page DOM property to locate
a Web element, and a value, determining the value expected for
that DOM property. In the context of Selenium, locators are the
basic tiles of the By class2. In the example of Figure 1, locator types
are id and name, whereas locator values are "email", "passwd", and
"submitLogin". For instance, the email text field is retrieved by

1https://prestashop.com/
2https://www.selenium.dev/selenium/docs/api/java/org/openqa/selenium/By.html

searching for a Web element having "email" as id in the DOM, see
Figure 2.

The existing locator strategies are many. Selenium supports
localization by id, by name, by className, by linkText, by CSS (Cas-
cading Style Sheets), by tagName, and by XPath [41]. According to
the literature, the most robust locator strategy is the one based on
ids [25, 26], typically unique and rarely subject to changes. How-
ever, identifiers can be onerous to set for each Web element within
the DOM, thus they are often auto-generated or set for the most rel-
evant Web elements only, making the strategy not applicable to all
cases. On the other hand, since XPaths exploit the DOM structure,
they are always applicable, with caution.

The XPath strategy allows elements to be located through expres-
sions pointing to them with respect to the page structure: absolute
XPaths (i.e., expressions considering all tag levels from the /html
root element within the DOM to the target element) should be
avoided as they are very fragile, in favor of relative XPaths, that
rely on fewer attributes. In Figure 3, two XPaths pointing to a text
field are shown. The absolute XPath (above) exposes the entire
structural path to the widget, making it more fragile in case of
GUI evolution (e.g., when a <span> element within the page is
removed), whereas the relative XPath (below) is more robust as it
refers to fewer structural elements.

As locators are a well-established foundation for automated
Web testing, they are also known as the primary cause of test
fragility [22], thus requiring the tester to perform a tedious and
costly manual repair activity when they break. In literature, there
exist techniques to support the tester in such activity, including
(1) automatic generation of robust locators inspired by heuristics
and qualitative metrics, (2) automatic repair of broken locators, and

public class PrestashopTest{
…
@Test
public void LoginTest(){

driver.get("http://localhost:8080/login.page");
driver.findElement(By.id("email")).sendKeys("admin@prestashop.com");
driver.findElement(By.id("passwd")).sendKeys("password");
driver.findElement(By.name("submitLogin")).click();
…

}
…

}

Login Web Page

LoginTest

Figure 1: A Selenium login test script (left) and the corresponding login Web page under test (right).

DOM Email Web Element

Figure 2: A Locator (left) and the corresponding Web element (right).
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…
/html/body/div[1]/span/.../input[1] 

//div[1]//input[1] 

div[1]

span

input[1]

…

div[1]

input[1]

APP v. 1 APP v. 2

Figure 3: Absolute (above) versus relative (below) XPaths on two app versions.

(3) Web application enrichment with data to improve test robust-
ness [11]. In 2022, Fulcini et al. [18] proposed a linter, as a support
for GUI testing, designed to detect test smells and antipatterns in
test artifacts, partially addressing the locators robustness problem
(e.g., avoid using absolute XPaths). ROBULA+ [30] implements
refinement transformations to produce robust XPaths according
to a set of heuristics (e.g., when building XPaths, the name DOM
property is prioritized over the src property, since src might expose
the Web application directory structure). Later, Leotta et al. ex-
tended ROBULA+ XPath generation adopting a more sophisticated
statistical adaptive algorithm instead of ad-hoc heuristics [28]. An-
other interesting solution is Similo [32]. Nguyen et al. [33] propose
XPaths building heuristics based on DOM elements neighborhood
rather than just properties about target elements. Even though
these techniques might be used in conjunction with a multi-locator
strategy [29] (i.e., each web element is associated with multiple
different locators) to lead to robust test suites, the auto-generated
locators may still be weak in terms of readability, and might re-
quire either high computational cost to be produced or iterative
manual adjustments to adapt them to the application under test
(e.g., to implement parametric test scripts). VISTA automatic repair
tool [38] extracts information from test executions, to identify GUI
changes that may cause test breakages between Web app versions.
In the seminal approach WATER [7], later on extended by WATER-
FALL [21], Levenshtein distance is used as a measure to identify
XPaths most likely subject to breakages across multiple application
versions. COSER [5] approach has been proposed to address larger
GUI changes on Mobile apps and support the repair of failing tests,
by capturing internal (e.g., code snippet defining functionalities)
and external semantics (e.g., graphical appearance properties) about
GUI elements that might match between multiple app versions. Di
Meglio and Starace [13] elaborate fragility score metrics to predict
End-to-End Web test breakages, based on comparisons between
source code of Web tests and of Web pages of multiple app releases.
Fasolino et al. [14] propose a technique to enhance the Web app
source code with behavior-agnostic hooks to allow unique Web ele-
ment localization, enforcing test case robustness without affecting
the code semantics. LED [1] tool guides the tester in adding identi-
fiers to Web elements during Web browsing sessions anticipating
testing, thus improving locators robustness for Web elements not
originally designed with them.

All these techniques can fail if a drastic application evolution
occurs, requiring manual effort to define new locators or to repair
existing ones, and high computational cost when automation steps

are instead employed. Additionally, some of these works need multi-
ple versions of the application under test or the access to the source
code to be fully available.

2.2 Page Object Pattern

The Page Object is an established End-to-End design pattern for
Web testing, well integrated in test automation with Selenium [15,
24]. Technically speaking, a Page Object is an Object Oriented
class structurally representing a Web page, which translates Web
elements and functionalities into attributes and methods. The im-
plementation of Page Objects keeps the references to the DOM
separated from the test logics, exposing to the tests only the meth-
ods that encapsulate any structural details. This grants code reuse,
reinforces test robustness, and reduces the test maintenance effort
by delimiting the structural breakages in the Page Objects only.
An example of a Page Object applied to the test script reported
in Figure 1 is shown in Figure 4: in this example, the test script
does not refer directly to the structure of the login Web page, but
instead uses indirection through the LoginPage Page Object, via
the doLogin() method, which encapsulates all the references of the
locators needed to retrieve and interact with the Web elements.

Even though there are empirical evidence on the benefits of
adopting the Page Object pattern [24], its manual application may
require a remarkable effort, since the tester would have to learn
in advance about the structure of the Web application under test
and implement the Page Objects accordingly. Several attempts to
automatize such activities and automatically generate Page Objects
during Web crawling have been proposed, like InwertGen [42],
APOGEN [37], and ASSESSOR [27]. InwertGen implements an au-
tomated incremental test case generation that follows Page Ob-
jects generation based on DOM states analysis. Similarly, APOGEN
crawls the Web pages and automatically derives a Page Object
model based on clustering and static analysis, incorporating some
best practices. ASSESSOR extends the functionality of Selenium vi-
sual recording to automatically generate PageObjects from recorded
scripts via manual annotations. Further on, Biagiola et al. [3] formu-
lated a search-based approach to exploit a pre-existent Page Objects
model to automatically generate test cases based on feasible paths.

Nevertheless, the automation of the Page Objects generation
process can still present some criticalities, such as: (i) realignment
cost in case of test breakages, since Page Objects still rely on lo-
cators, (ii) methods generation granularity, sometimes being too
fine-grained (e.g., a method for each interaction on a Web element)
and sometimes too broad (e.g., some nested functionalities might
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public class LoginPage{
private WebDriver driver;

public LoginPage(WebDriver driver){
this.driver = driver;
…

}
…
public HomePage doLogin(String usr, String pwd){

driver.findElement(By.id("email")).sendKeys(usr);
driver.findElement(By.id("passwd")).sendKeys(pwd);
driver.findElement(By.name("submitLogin")).click();
return new HomePage(driver);

}
…

}

public class PrestashopTest{
…
@Test
public void LoginTest(){

driver.get("http://localhost:8080/login.page");
LoginPage lp = new LoginPage(driver);
HomePage hp = lp.doLogin("admin@prestashop.com", "password");
…

}
…

}LoginTest

LoginPage

Login Web Page

Figure 4: A Selenium login test script with associated Page Object (left) and the corresponding login Web page under test (right).

be missing), and (iii) Page Objects readability, which may contain
constructs hindering the code comprehension.

2.3 Gamification

Gamification is an innovative paradigm that has emerged in both
academic and industrial areas as a trend to integrate gaming ele-
ments to non-gaming contexts, in order to improve user engage-
ment and make tedious tasks more appealing [12]. This approach
has gained traction even in software engineering, where gamifica-
tion can support the software engineering process on several lev-
els [10, 35]. In requirements elicitation, it can motivate stakeholders
by introducing a voting system tailored for better understanding of
requirements, or assigning rewards to participants identifying new
requirements. In the context of software development, developers
may be rewarded according to the outputs provided by code quality
inspection platforms (e.g., SonarQube3), or based on their actual
contributions to the teamwork. In the testing domain, gamification
can lead to higher code coverage and mutation scores, when testing
is designed as quests to complete.

At its core, gamification aims to create an engaging and inter-
active experience, by asking to the user to complete tasks, which
provides an overall sense of fulfillment and challenge. One of the
key components of gamification is the customizable profile, which
allows users to personalize their identity. A profile is enriched with
rewards obtained from completing tasks. Rewards may include ex-
perience points that unlock new levels and titles, synthesizing the
user skills and status, as well as icons displayable on their profile,
serving as visual trophies. Tasks assigned to users may include
achievements and dailies. Achievements are the primary elements
driving the gamification process, motivating users to obtain them.
Each achievement is typically featured by a recognizable name,
a clear descriptive goal, a graphical icon, and a reward provided
once completed. Achievements require users to perform potentially
3https://www.sonarsource.com/products/sonarqube/

lengthy and difficult tasks in exchange for experience points and
unique icons. Given that unpredictability is a core drive in gamifica-
tion frameworks [6], some achievements may be classified as Easter
eggs – i.e., hidden features embedded for users to discover after
the completion of specific actions, with the intention to surprise –
making them extremely challenging or quirky to obtain. Dailies are
time-limited achievements randomly assigned to users, typically
less challenging, which further enhance unpredictability and keep
users motivated even after completing all other achievements.

One of the most prominent gamification frameworks adaptable
to testing is OCTALYSIS [6]. The framework emphasizes core drives
that motivate users, encompassing concepts such as enjoyment,
socialization, and sense of control. These drives are formulated
balancing between positive and negative motivators, to provide re-
wards and satisfaction in accomplishing tasks and to make the user
to feel fearful yet intrigued to learn more and become more skilled.
Furthermore, the framework works on motivators that stimulate
the user intrinsic (e.g., creativity in completing tasks, freedom to
explore) and extrinsic (e.g., planning goals, following instructions)
perspectives [19].

A plethora of works in educational field have combined testing
activities with gamification [4] to develop better testing habits. One
of the first proposal was designed by Bell et al. [2], disguising test-
ing concepts into stories and quests integrated in a MMORPG-like
(Massively Multiplayer Online Role Playing Game) environment.
Other studies covered topics as mutation testing, exploratory test-
ing, test driven development, code coverage, and continuous inte-
gration [16, 31, 36], showing how testers involved in a gamification
experience are generally more engaged and achieve better results.
Straubinger and Fraser [39] identify gamification as the most effec-
tive practice for influencing the developer behavior towards testing,
when applied directly in the working environment. To this end, they
implement a plugin for IntelliJ to rewards with achievements the
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developers following positive testing practices (e.g., set breakpoints
and add assertions to passed tests).

According to the literature, gamification applied to software
engineering mostly focuses on unit testing [10, 17]. Nevertheless, a
framework to employ gamification to GUI testing was proposed and
validated by Cacciotto et al. [9]; in this work, the authors formulate
metrics to evaluate test performance, such as page coverage, and
introduce gamification aspects like leaderboards and Easter eggs.
Another proposal is GERRY [20], a Google Chrome extension that
enhances Capture & Replay GUI testing with gamification elements
and reporting. Like in the work by Straubinger and Fraser [39],
an IntelliJ plugin named GIPGUT [19] was proposed to influence
test effectiveness, by implementing achievements, dailies, and user
progression designed for Selenium WebDriver test implementation
and execution. This later work is more discussed in Section 4.3 as
we intend to integrate it with TestQuest.

3 TestQuest Tool

TestQuest is an ongoing development project we are currently
implementing as a plugin for IntelliJ IDEA, to support locators
robustness with an integrated gamification infrastructure. The pro-
cess describing how TestQuest tool works is sketched in Figure 5.
During testing and maintenance, the tester can create and edit the
test artifacts, implementing locators, encouraged to perform actions
aimed at completing tasks (dailies and achievements) based on the
locators robustness heuristics and best practices found in literature.
For example, since absolute XPaths are known to be fragile, a daily
task might ask the tester to convert a subset of absolute XPaths in
a test suite into relative XPaths. TestQuest monitors the changes
over the test artifacts following a test suite execution, extracting
and analyzing locators to detect dailies and achievements comple-
tion based on the passed/failed tests. Eventually, the tester profile
is updated according to the completed tasks, rewarding them with
titles, icons, and experience points that may lead to a level up. The
tester profile is also periodically updated to refresh the lists of com-
pleted and active tasks, by removing expired dailies and assigning
new ones. This process iterates as long as TestQuest is active and
the tester keeps making changes over the test artifacts.

TestQuest is currently implemented in Kotlin, with the persis-
tence layer managed via XML files, while the target test artifacts
are expected to be developed in Java with Selenium WebDriver
libraries.

Tester

Test Scripts

edit

TestQuest

XP
Title
Dailies
Achievements
…

update

observe

- Locators 
- Tests Outcome

Figure 5: The TestQuest approach.

3.1 TestQuest Architecture

The internal architecture of TestQuest, including the needed exter-
nal libraries, is shown in the UML component diagram of Figure 6.

The Test Monitor orchestrates the whole gamification process
shown in Figure 5, working as a listener for any event occurring on
the test artifacts following a test suite execution in Selenium; events
of interest are additions, removals, and modifications of locators
which resulted in passed or failed tests. The Locators Extractor
parses the test artifacts to retrieve all the locator data (i.e., locator
types, locator values, and references to the classes andmethods they
are part of), once events of interest are detected. The Gamification
Manager implements the gamification infrastructure, modeling
achievements and dailies, and managing the tester progressions.
It performs analysis over the extracted locators, based on tests
outcome, to evaluate whether some tasks have been completed
and, if so, provides feedback to the tester and updates their profile
accordingly, removing any daily completed, and assigning rewards
(e.g., experience points). The persistence layer of the tester profile
is managed via XML files reflecting their progressions. Finally, the
GUI Manager is responsible for updating the GUI of TestQuest
immediately after any tester progress has been detected.

3.2 TestQuest Gamification Infrastructure

According to the literature introduced in Section 2.1, we identified
five best practices to support locators robustness. [13, 22, 23, 25, 28,
30, 33]. The majority of the following guidelines pertain to XPaths,
as they are known to be the most versatile locator strategy [25]:

(1) Prioritize id, XPath, and linkText locator types, as they have
been empirically identified as the most robust, flexible, and
easier to use and repair strategies;

(2) Keep locator values readable and short, to improve test cases
understandability;

(3) Implement XPath locators which contain as few predicates
and levels as possible, since they are more likely to survive
DOM evolution;

(4) Prioritize XPath locators with predicates about id, name,
class, title, alt, and value properties, that are more likely
unchanged in software evolution;

(5) Avoid XPath locators with predicates about GUI structure,
internal app structure, or implementation choices (e.g.,width,
src, or onclick including Javascript code), as they refer to
details which are likely to change.

Based on the aforementioned guidelines, three main aspects
characterize the gamification infrastructure of TestQuest:Achieve-
ments, Dailies, and Progression, in the following described.

Figure 6: The TestQuest architecture.
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3.2.1 Achievements. Each achievement in TestQuest is character-
ized by a catchy name to make it easily distinguishable, a descrip-
tion clarifying the achievement goal required to complete it, and
a reward as experience points and unlockable content (i.e., title or
graphical icon) showcased by the user achieving it.

It is expected that achievements are complex tasks, therefore
some of them may require long test sessions before completion,
while others can provide assistance and reward the beginners
(e.g., implement the first locator). Along with achievements that
straightly target locators robustness, adhering to the aforemen-
tioned guidelines, we have designed other achievements that we
speculate as non-damaging to test robustness, yet challenging and
enjoyable, including Easter eggs requiring the implementation of
locators using creativity (e.g., use every locator type at least once)
and bad practices to turn into lessons learned by the tester (e.g.,
implementing a weak locator may result in a notification making
the tester aware of that). This approach can contribute to improve
the test quality by capturing the tester engagement [6].

The full list of achievements is made accessible to the user, but
some of them are only partially exposed, in particular Easter eggs
which provide only their name, challenging the user in achieving
them through experimentation.

As an example, achievements that may both challenge the tester
and lead to test robustness improvement are shown in Figure 7.
The achievements in the first column (I did it!, Keep it short,
Perfectionism) are classic achievements that have robustness as
clear goal: I did it! achievement may reward newbie tester, trying
to engage them from the very beginning, whereas Perfectionism
achievement is more challenging and thus grants the tester with
a title reward and higher experience points; this achievement in-
volves the computation of fragility metrics [13, 28] to precisely
compare the robustness between locators.4 On the other hand, the
achievements in the second column (Strength lies in differences,
The CloneWar,Ops... I made a mistake!) all challenge the tester
with bizarre requests, that could still lead to locators robustness and
actual experience gained, and teach them even from failing (e.g.,
worsening a locator robustness by making it longer, like changing
"//div[1]//input[1]" into "/html/body/div[1]/span/.../input[1]", see
Figure 3). Notice that TestQuest assists the tester by reverting the
actions that led to a bad practice identified by some achievements
(e.g., once a locator robustness is worsened or if a locator crashes
after a modification, the change is undone), as well as trying to de-
tect any cheating behavior (e.g., slightly changing the same locator
multiple times only to obtain an achievement).

3.2.2 Dailies. Dailies are time-based tasks assigned to the user in
exchange of some small reward. Differently from achievements,
they are easier to achieve and can be repeated in time, thus sustain-
ing the user engagement even when no more achievements have to
be completed. In TestQuest, a daily is characterized by a name, a
description about the task to perform, and a reward in the form of
experience points assigned to the tester who completes it, based on
its complexity. Up to 3 dailies are randomly assigned to each tester,
4A Fragility Coefficient can estimate the robustness of an XPath expression on a
[0-1] scale; for instance, "//*" returns 0 as fragility score, since it represents the short-
est and most robust value for an XPath expression, while an expression containing
all levels with predicates from root to target element returns 1, see "/html/body/-
div[1]/span/.../input[1]" from Figure 3.

Keep it short
Reduce the level of 100 XPath locators
(+50 XP once achieved)

Perfectionism
Improve the robustness of 100 locators
(+100 XP and ‘Specialist’ title once achieved)

I did it!
Write your first locator
(+20 XP once achieved)

Strength lies in differences
Use every locator type
(+50 XP and ‘Ambassador’ title once achieved)

The Clone War
Use the same locator 50 times
(+100 XP once achieved)

Ops… I made a mistake!
Worsen a locator robustness
(+50 XP and ‘Saboteur’ title once achieved)

Figure 7: TestQuest achievements.

expiring and regenerating every 24 hours, being discardable by the
tester once per day in exchange of another random daily. Examples
of dailies could be simplified variations of the achievements shown
in Figure 7, such as a Keep it short daily task which asks the tester
to reduce the level of one XPath locator only. Notice that some as-
signed dailies may not be feasible if locators are already optimized,
such as the aforementioned daily when the implemented locators
are all id-based; we provided the discard feature of dailies in order
to prevent such issue.

3.2.3 Progression. In TestQuest, the users are supported with a
dedicated GUI window showing their progression, organized into
two switchable panels about user profile and achievements. The
user profile panel includes a username, a title reflecting the user
status in a classic role-playing game fashion, a level as a number
synthesizing the user skills, with a progression bar exposing ex-
perience points needed to reach the next level, a current profile
picture (with edit option to select a new one from those already
obtained), a list of assigned dailies, and a list of completed achieve-
ments; the user panel is added to enforce the sense of ownership
and in encouraging completing more tasks [19], as it is periodically
updated based on user progressions. The achievements panel lists
the ongoing achievements with the associated progressions. Ev-
ery user starts at level 1; a level-up mechanism is set from level 1
to level 20 (the maximum level at the moment), based on experi-
ence points that scale with each level, requiring more experience
points as the user progresses through the levels. Figure 8 shows a
mockup of TestQuest in action. In the Figure, the Fix it! achieve-
ment challenges the user to convert a fragile absolute XPath into a
more robust relative XPath. Upon completion, after the test suite
execution, the user is rewarded with 10 experience points and an
achievement icon, advancing them to the next level and granting a
new title (i.e., from Newbie to Novice).

4 Limitations and advancements

In the following, we discuss the current limitations of TestQuest
and the advancements we are considering to improve the tool.

4.1 Multiplayer Experience

We are considering concurrent multiplayer management, as the
plugin currently operates at the single-player level only. We aim
at introducing features to inspect other users’ profiles and general
leaderboards to display the global effects on achievements (e.g.,
display achievements rarity measured by the percentage of users
who have obtained them), as well as adding special achievements
involving challenges against users.
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4.2 Page Objects Gamification

Since the Page Object is a consolidated pattern for End-to-End Web
testing [15, 25], as it both helps reinforcing tests robustness and
supporting test maintenance, we aim at adapting the Page Object
concepts into gamification and integrate them within TestQuest,
according to the following best practices and guidelines we have
synthesized from the literature [15, 25, 34, 37, 40] presented in
Section 2.2:

(1) Page Objects should focus on significant Web elements and
pages only (e.g., a button that only changes the background
color of a Web page might be neglected from Page Object
implementation);

(2) Page Objects should never expose the internal details of a
Web page (e.g., locators should only be referenced within
Page Objects methods, see Figure 4);

(3) Page Objects should never manage the logic of a test (e.g.,
assertions should only be formulated within test methods);

(4) Different results for the same action should be modeled as
different Page Object methods (e.g., successful and failed
login);

(5) Page Objects might share common functionalities, intro-
duced asmethods of ancestors within the Page Objects model
(e.g., a "back to home" functionality might be translated into
a method offered by a NavigationBar Page Object);

(6) Page Object methods might return other Page Objects to
model the user’s exploration through the application under
test (e.g., successfully executing a doLogin() method from
LoginPage Page Object might return a HomePage Page Ob-
ject, see Figure 4).

Inspired by the aforementioned best practices, achievements
and dailies should lead the tester in developing test artifacts and
Page Objects of high quality, by keeping high their engagement.
For instance, a tester might be asked to encapsulate any structural
reference to the DOM within the Page Objects, addressing point (2)
of the aforementioned guidelines, or to implement an ancestor Page
Object in case of shared functionalities, addressing point (5), while
the gamification infrastructure may check whether no locators are
referred within test logics and no duplicated methods are defined
in the Page Objects model, rewarding the implementations that
adhere to these exemplified cases.

4.3 Integration with GIPGUT Plugin

We aim at integrating TestQuest in Gamification Intellij Plugin
for GUi Testing (GIPGUT) [19], an IntelliJ IDEA gamification plu-
gin to enhance GUI testing with Selenium WebDriver. The plugin
implements achievements and dailies, as well as a user progres-
sion mechanism, tailored around actions over the GUI performed
with Selenium tool, such as interactions over Web elements or ex-
ploration of specific Web pages. The gamification infrastructure
implemented in the tool adheres to the OCTALYSIS framework [6],
designing core drives as factors motivating the user engagement in
gamification aspects (e.g., the Ownership core drive motivating the
user in obtaining rare unlockable contents). The plugin is currently
implemented in Kotlin and is composed of two modules to manage
both static and dynamic aspects of the gamification and test infras-
tructures, respectively, where Selenium events from test executions
are collected and returned for gamification analysis (e.g., to count
the progress of an achievement about click methods called during
test execution). At the moment, the plugin does not support any
gamification aspect pertaining test robustness and locators.

5 Conclusions

Web applications have become fundamental to our daily activi-
ties, demanding effective testing approaches to keep test artifacts
aligned with the rapid software evolution. Various automated test-
ing techniques and frameworks have been proposed to reduce such
effort, yet locators – crucial tools to reference widgets within Web
pages – are known as the main reason of test breakages, requiring
costly and tedious iterations to repair them. In this paper, we have
introduced TestQuest, a tool under development which adapts
gamification to Web testing, by rewarding the tester engagement
and enhance test quality when robust locators are implemented.
As future work, we aim at addressing the limitations discussed
in Section 4. In particular, we are working on TestQuest to sup-
port the outlined Page Object gamification key concepts, as well
as introducing multiplayer and advanced persistence aspects, to
manage special achievements involving challenges against other
users and accessible leaderboards. Further, we plan to integrate
TestQuest with GIPGUT [19], a prototype gamification plugin
for GUI testing, in order to exploit its capability in capturing GUI
events using Selenium. Finally, we intend to conduct evaluation
experiments of TestQuest with students and professionals, and to
extend the gamification infrastructure considering additional Web
testing best practices and patterns found in literature.

Fix it!
Transform an absolute XPath into a relative one

Old locator       /html/body/div[1]/span/.../input[1] 

New locator    //div[1]//input[1]

Tester001
Novice

+10 XP
Achievement Unlocked: Fix it!

0/200 XP

Completed Achievements

Tester001
Newbie
90/100 XP

Fix it!

…Test Scripts

Figure 8: Gamification applied to improve locators robustness.
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