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Abstract

The testing process is a fundamental part of the software development cycle.
One of the most used techniques to verify the proper functioning of mobile ap-
plications is Exploratory Testing. Exploratory Testing consists in a tester freely
exploring the Graphical User Interface of the Application Under Test to detect
anomalies and bugs. However, such a testing approach requires a large amount
of time and has proven to be expensive and monotonous. A possible solution
to mitigate the repetitiveness of human-performed activities is gamification. In
recent years, several efforts have been made towards the introduction of gami-
fication into the testing process. In this paper we provide a guide showing how
to extend an existing open source Exploratory Testing tool by introducing gam-
ification elements. The goal is to make the Exploratory Testing process more
engaging and improve the testers’ performances. We provide an example of a
possible implementation of gamification dynamics: a progress bar that shows
the tester the current progress. We believe that this kind of contribution can
be useful and inspiring to the community working in the field.



Chapter 1

Introduction

Verification and validation is an essential part of the software development pro-
cess. A widely used technique in the context of GUI-based verification is Ex-
ploratory Testing, consisting of the testers freely exploring the Application Un-
der Test (AUT). This technique allows for simpler configuration of the testing
environment and does not require writing code for test cases in parallel with
production code development. At the same time, the testers have to be very
experienced in order to choose actions that will trigger bugs and highlight soft-
ware defects [1]. Moreover, the Exploratory Testing activity can easily become
repetitive and, therefore, boring. Straubinger et al. [2] showed that one of the
main causes of the limited amount of tests is the lack of testers’ motivation.
One technique often used to overcome the repetitiveness of tasks performed by
human actors is gamification. Gamification, i.e. the application of game design
mechanics to non-ludic contexts [3], includes a set of different tools – such as
points, leaderboards, badges – that are used to elicit positive feelings in human
subjects, prompting them to be more productive. In recent years, gamification
has gained increasing interest in the field of software engineering [4, 5].

In this paper we introduce a framework aimed to develop gamification exten-
sions integrated into the open-source testing tool Appium Inspector. In Section
2 we motivate our choices, giving also some contextual information and showing
related work. Section 4 presents a sample extension we developed by leverag-
ing our framework. We believe that this kind of example could be used as a
guide for researchers and developers willing to produce similar extensions for
mobile testing. Section 5 outlines the possible application and future research
directions. In section 6 we summarize the contribution and explore the possible
future work.
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Chapter 2

Background and Related
Work

The core idea of gamification is to improve the performances of the actors in-
volved in some actions by making their tasks more appealing and enjoyable.
One of the most used frameworks for the application of Gamification is the Oc-
talysis Framework [6]. The Octalysis Framework defines 8 Core Drives (CDs)
commonly found in games, that can be used to increase the motivation of the
user. In particular, for the development of our sample extension, we focused on
two core drives:

• CD2: Development & Accomplishment. This CD is associated with the
sense of personal growth that is experienced when makingp progress, de-
veloping skills, and eventually overcoming challenges.

• CD4: Ownership & Possession. This CD is related to the motivation users
have when they feel they own something, and is typically implemented
through customization.

We used some of the metrics defined by Cacciotto et al. [7], like the page
coverage – computed as the percentage of widgets interacted on the current page
– and a modified version of the session coverage: the incremental page coverage
– computed as the percentage of widgets interacted over all the pages discovered
in the current session.

Gamification applied to software testing has given promising results in the
past. Fraser obtained positive results by applying gamification in a crowd-
sourcing environment [8]. Straubinger et al. integrated gamification elements
into the Jenkins continuous integration tool [9]. Fulcini et al. highlighted the
benefits of gamification applied to Exploratory GUI testing with a preliminary
evaluation [10]. In general, game design mechanics seem particularly suitable
to increase the engagement of testers while conducting their activities [11].
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Chapter 3

Instruments

3.1 Electron

Electron is a JavaScript framework used to build standalone desktop applica-
tions [12]. The Electron execution model encompasses two processes: the Main
and Renderer process. The Main process has access to a full Node.js environ-
ment, while the Renderer process is responsible for rendering web content.

3.2 React

React is a very popular Web-UI framework to build user interfaces with the
JSX markup language, a mixture of HTML and JavaScript [13]. Everything in
React is based upon the concept of Components, reusable functions that take
properties as input. Components are (re-)rendered whenever something in their
properties changes. In addition, React defines Hooks: functions that can be
used to add functionalities to the basic behavior of components.

3.3 Redux

The React framework is itself capable of managing a state that is local to the
components. While this approach can be suitable for small projects, when the
size of the application grows, it becomes unmanageable. In the worst case, it is
possible to have a distinct state for each component.

Redux is a popular JavaScript framework that solves this problem. It defines
a global state (or store) and imposes the so-called ”one-way data flow”, depicted
in Figure 3.1 [14]. The Redux state is read-only, and the only way to change
it is through the dispatch method of the state which takes actions as input,
i.e. objects which describe the event that happened, and through reducers, pure
functions which take as input the previous state and an action and return a new
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Figure 3.1: Redux - One Way Data Flow

state. This functional and neat approach leads to cleaner code and predictable
results.
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Chapter 4

GAppium

The proposed gamified extension for Appium Inspector is an almost trivial tool.
In fact, it servers the main purpose of illustrating the steps required to imple-
ment a gamified extensions on top of Appium Inspector.

4.1 Basic Concepts and Gamification Info

Figure 4.1 shows the main folders within the Appium Inspector directory tree.
The actions/ folder contains the code for the actions, the reducers/ folder
contains the code for the reducers, etc.

Appium Inspector defines two application contexts: the Session and the In-
spector. The Session context is the one in which you define the Session proper-
ties, like the remote address of the Appium Server, the remote port, the desired
capabilities, etc. The Inspector, instead, is a particular running instance of a
Session, and provides all the tools needed to interact with the running mobile
application.

Our idea was to implement two simple gamification mechanics:

• Progress bars showing the current page coverage and the incremental
page coverage (related to CD2 from the Octalysis framework).

• A simple username TextInput with an avatar icon representing the user
(related to CD4 from the Octalysis framework).

We do not need to modify the Session files: we just need to modify the behav-
ior of the Inspector. The Inspector page already contains different components
(tabs) that allow performing different actions on the current AUT (Source, Com-
mands, Gestures, Recorder, Session Information). Our goal is to reuse as much
as possible of the existing GUI, according to the React principles. In this case,
we can adopt a bottom-up approach, starting from the GUI and then adding
the needed functionalities.

We define a new tab for the inspector, called GamificationInfo, which will
allow the user to interact with the application and get information about the
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app
└── common
    └── renderer
       ├── actions
       ├── reducers
       ├── components
 │ └── Inspector
       └── constants

Figure 4.1: Appium Inspector Folder Tree

current session. The creation of a new tab in Appium Inspector can be made
by creating a .jsx file named after the tab under the components/Inspector

folder. The SessionInfo component already features a table that displays info
about the server details, session details, etc. From this tab, we can take the
session details about the currently active app ID and the session length. The
table entries are defined within a .js file under the /constants folder.

4.2 Adding the progress bars

The next step is to display the page coverage progress bars. To compute the
page coverage we first need to define what a page is, since mobile applications
do not have this notion internally. In this case, we built a simple algorithm
to compute the current page ID: we concatenate the class attributes of the
widgets present on the screen. This allows for easy comparison between pages.
This algorithm for page identification can be substituted – in future work – with
more refined ones that would allow to consider cases in which the page layout
is modified at runtime.

The page ID needs to be rebuilt whenever the source code of the page
changes. The source code of the page is already stored in the sourceJSON field
of the Redux state, and each component has access to it through the props vari-
able. React exposes the useEffect Hook, which allows us to define a callback
that gets called whenever the sourceJSON field changes. Our callback should:

• Build the current page ID

• Add a page object to the state’s pages array, if a page with the same ID
is not already present

• Set the current page ID in the state

The code of the useEffect is shown in Figure 4.2.
The functions addPage and setCurrentPageId modify the state. This

means that we need to provide support via actions and reducers.
First of all, we need to define two new types of actions. The types of ac-

tions are defined in the renderer/actions/Inspector.js file. As described in
Section 2, actions are objects that describe the happening of an event, where
events are typically triggered by an interaction with GUI. The only way to mod-
ify the state is by calling the dispatch method of the state with an action object.
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// components/Inspector/GamificationInfo.jsx
useEffect(() => {

const pageId = buildPageId(sourceJSON);
if(! pages.some(p => p.pageId == pageId)){ 

const newPage = { 
pageId: pageId, 
nInteractableWidgets: countWidgets(sourceJSON), 
nInteractedWidgets: 0 };

addPage(newPage);
}
setCurrentPageId(pageId);

}, [sourceJSON]);

Figure 4.2: The useEffect Hook

// renderer/actions/Inspector.js
export function setCurrentPageId(pageId){

return (dispatch) => {
dispatch({type: SET_PAGE_ID, pageId});

}
}

export function addPage(page){
return (dispatch) => {

dispatch({type: ADD_PAGE, page});
}

}

Figure 4.3: Actions

Whenever an action gets dispatched, the reducer updates the part of the state
associated with the action.

To summarize, here is the chain of events which leads to the new state:

1. The sourceJSON gets updated.

2. The useEffect hook runs, by calling the addPage and setCurrentPageId
functions.

3. The two functions call the dispatch method of the state with the appro-
priate actions.

4. The reducer function receives the dispatched actions and returns a new
version of the state, with the corresponding fields updated.

A simplified version of the code for the actions and the reducers is shown in
Figure 4.3 and Figure 4.4.

A similar approach can be used to increment the number of interacted wid-
gets within the current page: we define a new type of action create a function
to dispatch the action, update the renderer with the code needed to update the
fields of the current page. The current page ID in this case is useful to retrieve
the current page from the array of pages in the state that we just added.

Now that we have added the needed functionalities, it is sufficient to up-
date the GUI with the missing components. For the progress bars, we used
the Progress component from the Ant Design library, the GUI library used by
Appium Inspector, which receives as input a number and draws a progress bar
of proportional length. The code is shown in Figure 4.5. Figure 4.6 shows an
implementation of Gamification tab with two progress bars, one for the current
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// renderer/reducers/Inspector.js
export default function inspector(state=initial_state, action){

switch (action.type) {
// ...

case ADD_PAGE:
return {
...state,
pages: [...state.pages, action.page],

}

case SET_PAGE_ID:
return {
...state,
currentPageId: action.pageId

}
}

Figure 4.4: Reducers

// components/Inspector/GamificationInfo.jsx
const getCurrentPageCoverage = () => {

if(currentPageId){
const page = pages.find(p => p.pageId === currentPageId);
return Math.round(100* page.interactedWidgets / page.interactableWidgets)

} else
return 0;

}
// ...
</Progress percent={currentPageId ? 0 : getCurrentPageCoverage()}>
// ...

Figure 4.5: Progress Bar Component

page coverage and the other for the incremental page coverage, the source code
of the page and a TextInput in which testers can insert their names near an
avatar icon1.

1The complete source code will be made available through Zenodo.
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Figure 4.6: Screenshot of GAppium
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Chapter 5

Application and Research
Directions

We believe that our work could serve as a reference guide for the development
of many other gamified extensions. The advantage of working on an already
existing open-source, cross-platform application is indisputable. The approach
described in this paper, and the source code in the replication, is considered an
aid for test tool developers and researcher to enhance the capabilities of Appium
Inspector without the need of exploring the entire codebase.

Future research directions include the possibility of integrating our extension
with a leaderboard system that allows testers to compete with each other or
against themselves. This could be mixed with a point assignment system. For
example, testers could receive a certain amount of points for the number of bugs
found.

It would be possible to limit the session time to a fixed duration, like, for
example, 10 minutes. At the end of each session, the progress of the testers
could be saved and logged within the leaderboards.

Additionally, the page detection algorithm can be improved substantially
with respect to the one presented here. For example, a metric of similarity
between pages could be defined, so that if the layout of a page changes slightly
the application is still able to recognize it as the same page [15].

These enhancements can easily be integrated with existing features of Ap-
pium Inspector, like for instance the test capture & replay feature, which allows
recording JUnit test cases.
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Chapter 6

Conclusion and Future
Work

In this paper, we presented Gappium, a framework for the development of gam-
ified extensions to the mobile testing tool Appium Inspector. In a sample ex-
tension we implemented two different gamification mechanics: progress bars
showing the session coverage and a customizable username for the tester, with
an avatar icon. These mechanics are commonly used to enhance the testers’ mo-
tivation through their testing sessions and to make their tasks more enjoyable.
Further work is in progress involving the integration of different gamification me-
chanics into the tool, and the evaluation of the application both from the point
of view of usability – e.g. with tools like System Usability Scale (SUS) [16],
GAMEX [17] or Technology Acceptance Models (TAM) [18] – and the effective-
ness perspective. In conclusion, we believe that our work could be foundational
for future research, simplifying considerably the development process of similar
gamified extensions.
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