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A B S T R A C T

The released software systems still involve some faults, for which debugging

becomes necessary. On the one hand, manual software debugging remains an

arduous, time-consuming, and expensive task. On the other hand, effective

software debugging is organized around motivated and patient developers. In

this paper, a novel approach, namely Gamifault, is provided to make debugging

more attractive and enjoyable. Particularly, the objective of Gamifault is

to make the developer more curious to proceed debugging, that is fault

localization and program repair, enthusiastically. To achieve this objective,

the concepts and potentials of gamification are adapted to the typical tasks

of software debugging. In particular, Gamifault makes use of an existing fault

localization technique to determine the likelihood to each statement may be

faulty. Based on the likelihood, the developer then attempts to find the exact

fault location and fix the fault. Next, Gamifault reacts to the developer with a

gamified success rate. That is, it shows the number of test cases that have been

passed on the modified program. This process is repeated until the program

passes on every given test case. To evaluate Gamifault, a prototype web-based

tool was implemented in Java that targets faulty software programs. Then,

16 developers were asked to employ gamified and non-gamified versions of

the tool in their debugging activities on 46 subject programs taken from the

Code4Bench suite of programs. Developers could successfully debug 7 and

95 faulty programs using the non-gamified and gamified tools, respectively.

In addition, the gamified tool helped developers debug the faulty program in

less than two minutes on average. These results suggest that Gamifault offers

advantages over existing debugging systems.
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1 Introduction

In the last decade, humans have been increasingly re-
lying on software systems for every task. This implies
that software quality is a vital necessity. However, the
quality can be adversely affected by the software faults
that are inevitably and prevalently introduced during
various activities of the software lifecycle [1, 2]. As a
consequence, software debugging becomes indispens-
able to maintain the quality of the software system at
a reliable level. However, manual debugging is still an
arduous, daunting task. Automated techniques [3–5]
could have mitigated some of the burdens involved
with manual debugging. Nevertheless, the overall com-
plexity of software faults [6] necessitates the developer
much patience and motivation. As of today, an im-
mense number of techniques and tools [7, 8] have been
proposed to assist developers in various debugging
tasks. However, less attention has been given to pro-
viding and maintaining developer motivation during
debugging, in particular for fault localization [9, 10]
and program repair [11, 12].

In recent years, an increasingly rapid growth in the
advent and usage of computer games has emerged [13].
Computer games are widely used by a diverse spec-
trum of people as an effective means of enjoyment and
entertainment. The wide prevalence of games has in-
centivized researchers and practitioners [14] to adopt
game elements and mechanics in nongame situations.
This new application of games is called gamification
[15, 16]. As a result of a preliminary investigation, it
was found that gamified debugging techniques, par-
ticularly fault localization, and program repair, have
received less attention in the literature [17–20].

In this research, the authors seek to exploit the po-
tential of gamification to make the debugging process
more attractive and enjoyable. It is speculated that
providing and maintaining some sort of attraction
and enjoyment for developers can partly mitigate the
burdens and difficulties during software debugging.
Therefore, the objective of this research is to make
the developer more curious to proceed debugging en-
thusiastically. Gamification can be a promising way
to accomplish this objective. Consequently, this re-
search is explored to find the answer to the following
research questions. Which game elements can be ap-
plied for debugging? How can debugging be made a
motivational and competitive task?

To find the answer to the mentioned questions, a
novel approach, namely Gamifault, is developed to
incorporate the elements and mechanics of computer
games into an automatic fault localization (AFL) tech-
nique [21]. Figure 1 demonstrates the high-level archi-
tecture of Gamifault. In particular, Gamifault receives
a faulty program and an associated test suite that

contains at least a failing test case. Then, it computes
suspiciousness scores for statements based on an AFL
technique. The scores reflect the likelihood of which
statements may be faulty. The developer then inves-
tigates some of the faulty statements and considers
modifying them. Next, Gamifault executes the modi-
fied program against the given test suite to determine
which test cases are passed or failed.

On the one hand, reliance on test cases can lead to
imprecise fault localization since test cases serve as
partial specifications of programs [17]. On the other
hand, fault localization is generally an unsolved prob-
lem due to the immense diversity of fault manifesta-
tions as well as limitations with current techniques
[5, 10]. These factors can explain why fault-localization
techniques do not always determine the precise fault
location. This issue establishes a situation in which
the developer should consider modifying many state-
ments as potential fault locations. The mentioned
occasion can be quite burdensome. To keep the devel-
oper’s attention, Gamifault informs him/her of the
progress and results of his/her modifications via some
augmented capabilities such as the scoreboard and
some other game-like elements. The overall process
is therefore designed to retain the motivation of the
developer and alleviate the burdens induced during
the debugging. The ultimate goal of Gamifault is to
improve the effectiveness of the debugging process
and help remove more fractions of the faults, yielding
high-quality software.

To evaluate Gamifault, a tool in Java language was
implemented. In addition, a non-gamified version of
the tool was provided to be compared to the gamified
version, as a baseline. In the tool, Tarantula [21] was
used, which is an effective AFL technique and can
be simply adopted. Then, 46 faulty programs were
chosen as experimental subjects from Code4Bench
[22] suite of programs. Next, two separate groups
of developers were asked to apply the gamified and
nongamified versions, respectively. Using the gamified
version, the developers could fix 95 faulty programs in
982 minutes, whereas in the non-gamified version, the
developers could debug and fix 7 faulty programs in
254 minutes. These results provide some evidence and
suggest that Gamifault can be used as an effective
debugging assistance tool to improve the motivation of
developers during the debugging process. In addition,
an online survey was conducted on the participating
developers. In the survey, a questionnaire was provided
in which a research question was investigated as to
whether the participants are satisfied when applying
Gamifault. With a confidence degree of over 95 percent,
Gamifault turns out to be significantly effective in the
improvement of developer motivation.
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Figure 1. The High-Level Architecture of Gamifault.

The significance of Gamifault is to contribute to
a practical problem faced by developers. The impact
of Gamifault on researchers is to incentivize them to
apply gamification to other software engineering tasks.
For practitioners, it can reduce the vexation in the
achievement of a higher quality software system.

In summary, the main contributions of this paper
are as follows:

• Gamifault, an adaptation of game elements and
mechanisms on fault localization and program
repair

• Implementation of Gamifault in a prototype tool
• Empirical studies on the effectiveness of Gam-

ifault for debugging several subject faulty pro-
grams

• A survey to investigate the satisfaction of devel-
opers using Gamifault

The remainder of this paper is structured as follows:
In Section 2, fundamental concepts and a review of the
related work are presented. In Section 3, the method-
ology of the proposed approach is elaborated. In Sec-
tion 4, the steps that were followed to evaluate the
new approach are articulated. The paper is concluded
in Section 5.

2 Research Background

In this section, the fundamental concepts that are
mentioned in the subsequent parts of the paper are
elaborated on. Then, the major body of the literature
that is related to the current study is reviewed. Finally,
this section is concluded with lessons learned, the
existing research gap, and the introduction to the new
approach presented in this paper.

2.1 Fundamental Concepts

A couple of categories of concepts are required to
grasp the ideas presented in this paper. The first
category deals with software testing, debugging, and
fault localization. The second category is associated
with computer games and gamification.

Software Testing, Debugging, and Fault Lo-
calization Developers prevalently leverage software
testing [23] to improve the quality of the programs.
To achieve this, they construct a test suite, TS, and
execute the given program p against every test case t
in TS. A test case t often consists of the input data,
along with the expected output. A test case t is said to
be passing if the actual output of executing p against
t is the same as the expected output of t. Otherwise,
the actual and the expected outputs differ, and t is
said to be failing against p.
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Table 1. A Sample Code Regarding How Tarantula Works.

ID Statement Test Case Tarantula

mid() {
int x, y, z, m;

3, 3, 5 1, 2, 3 3, 2, 1 5, 5, 5 5, 3, 4 2, 1, 3 Score Rank

1 read (“Enter 3 numbers:”, x, y,
z);

• • • • • • 0.5 4

2 m = z; • • • • • • 0.5 4

3 if (y ¡ z) • • • • • • 0.5 4

4 if (x ¡ y) • • • • 0.63 3

5 m=y; • 0.0 5

6 else if (x ¡ z) • • • 0.71 2

7 m = y; // Faulty statement • • 0.83 1

8 else • • 0.0 5

9 if (x ¿ y) • • 0.0 5

10 m=y; • 0.0 5

11 else if (x ¿ z) • 0.0 5

12 m = x; 0.0 5

13 print (x ¿ z) • • • • • • 0.5 4

} Pass Pass Pass Pass Pass Fail · · · · · ·

Once t is found to fail on p, it turns out that p is
faulty. To address this issue, the developer needs to
debug p, which implies that the developer should find
the exact location of the fault and proceeds by ap-
plying some modifications to p to fix the fault. The
former task is known as fault localization whereas
the latter task is called program repair. Currently, a
proliferation of automatic techniques for fault local-
ization [9, 20] and program repair [4, 12, 17] is pre-
sented. However, current automatic fault localization
and automatic program repair (APR) techniques do
not show efficacy for every kind of fault [10, 11]. There
exists an infinite number of ways to implement an
algorithm in a programming language. In addition,
there exists an inordinate kind of fault where a certain
fault can be manifested in various forms. As a conse-
quence, for a given faulty program t and an associated
test suite TS, an AFL technique may wrongly label a
fault-free statement as faulty. Similarly, an APR tech-
nique may generate an incorrect patch. Hence, the
debugging process still relies, to a large amount, on
human intervention.

A popular and effective category of AFL techniques
includes spectrum-based fault localization (SBFL)
techniques [24, 25]. SBFL techniques execute the
faulty program p against every test case t within the
associated test suite TS. As a result of this task, the
program spectra are collected. The program spectra
for p and TS can be considered as a matrix MAT (p),
in which rows indicate test cases and columns indi-

cate program entities. Each entry at row t and col-
umn pe of MAT (p) shows whether the execution of p
against t covers (executes) pe. Program entities can
be various elements in a program, from fine-grained el-
ements, such as a simple statement, to coarse-grained
elements such as a whole function. They can also in-
clude decision (branch) statements or definition-use
pairs. To collect the program spectra, the given pro-
gram p should be instrumented. That is, extra code
should be added to the program to capture the cover-
age of the desired program entities at runtime.

Among the diverse collection of spectrum-based
fault localization techniques, Tarantula [21] is highly
known in the research literature as a baseline technique
and has been widely used by practitioners. Tarantula
is defined according to Equation 1:

ScoreTarantula(pe) =
NCF

NF

NCF

NF
+ NCS

NS

(1)

where pe is a program entity,ScoreTarantula denotes
the suspiciousness score for pe, NCF is the number of
failing test cases covering pe, NF is the total number
of failing test cases, NCS is the number of passing
test cases covering pe, and NS is the total number of
passing test cases.

A spectrum-based fault localization technique ex-
ecutes a given program on the associated test suite
and collects the program spectra. Then, it employs
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a formula, by which it assigns a suspiciousness score
to each program entity. The scores indicate the like-
lihood of a program entity being faulty. Next, the
program entities are ranked (arranged) according to
the scores where the top-rank program entity is typ-
ically the one with the highest score. The developer
then inspects the program entities starting from the
top-rank program entity. To illustrate how an SBFL
works, consider the example in Table 1, which shows
how Tarantula works on a sample program.

In the example, Tarantula has assigned the highest
score, hence the top rank, to statement 7, which is the
truly faulty code element. The developer starts inves-
tigating the faulty program from the top-ranked state-
ment. For this single-line fault, the corrective modifi-
cations may not be trivial and the developer may at-
tempt several rounds of modification. In addition, the
example presents a substantially small program whose
aim is to convey the functionality of SBFL techniques;
it does not generalize to a large-scale, industrial soft-
ware system where there exist thousands of test cases
and hundreds of thousands of execution paths. Fur-
ther, software systems may often involve multiple-line
faults or multiple faults [19, 26], for which localization
and repair necessitate much more effort. As a result,
it is often the case where an AFL technique does not
assign the highest score to the truly faulty program en-
tity [27]. In practice, therefore, the debugging process
turns out to be quite time-consuming and arduous.

Computer Games and Gamification. A com-
puter game is a software system that is often used for
entertainment. A computer game involves some rules
that the player should conform to be able to proceed
with the game and achieve a predefined objective. For
example, in a war-like game, the objective may be to
annihilate a supposed enemy, which in turn leads to
the winning of the player [28, 29]. The game software
system typically makes use of multimedia capabili-
ties such as voice, animation, and video to attract the
player. In addition, some sort of scoreboard is shown
to highlight the progress in the game scenario and the
objectives that are achieved. The scoreboard can also
be considered a strong incentive for a player to further
attempts the completion of the game.

Computer games consist of several categories,
namely, entertainment games, serious games, simula-
tion games, games with a purpose, and gamification.
An entertainment game is just designed to make the
player amused. A serious game is a software system
that is designed to fulfill a certain goal rather than
just entertain the player. For instance, training kinder-
garten kids can be a goal of some computer games [30].
In simulation games, game-design techniques are used
to make a virtual environment for low-risk training,

that is, training in unreal situations. As an example,
flight simulators are widely used during the training
of pilots [31]. A game with a purpose is an application
in which human computations are transformed into
some sort of game [32]. The goal is to make a tiring
task into an entertaining activity. Rings [28] is a game
that helps developers generate high-quality test cases
for effective software testing. Finally, gamification
is defined to apply the elements and mechanisms
of game software systems in non-game situations
[14, 33–35]. The major aim is to make an attractive
and incentive approach to keep the operator involved
in the assigned process. In addition, the assigned
process seems less arduous for the operator.

2.2 Related Work

Several studies are related to this research. In this
section, the major relevant studies are reviewed in
several categories. The aim is to identify the specific
gap that this paper is intended to address.

Debugging Assistance. Researchers have devel-
oped an immense number of debugging assistance tools
that are used in various practical situations. Brodie et
al. [36] proposed a fixed recommendation method for
recurrent faults. The method relies on a database of
fault symptoms taken from stack calls. The design of
the method was motivated by the huge costs that were
incurred during the maintenance stage of the software
lifecycle. Abraham and Erwig [37] presented a novel
technique for debugging Microsoft Excel spreadsheets.
The technique generates some recommendations and
offers five top-ranked fix recommendations to the user.
In some situations, the original programmer is not
accessible, making the perception of the failure re-
port so difficult. To mitigate this issue, Weimer [38]
introduced a new technique that generates a proposed
patch and a counterexample for a given failure report.
These outputs can be used as the initial guidance for
debugging the program. Ashok et al. [39] presented
DebugAdvisor as a debugging assistance tool. The
user needs to give a query as input, in which some
information such as a memory dump is attached. The
experiment on the tool in Microsoft has led to 78 per-
cent of successful performance. BugFix is a debugging
assistance tool that is introduced by Jeffrey et al. [40].
The tool leverages associate rule mining to learn ap-
propriate fixes. Then, for a given fault, it recommends
a prioritized list of potential fixes. Hartmann et al.
[41] proposed HelpMeOut which is designed to offer
fix suggestions that have been used by previous pro-
grammers to address similar issues. Kaleeswaran et
al. [7] proposed MintHint that can be used to suggest
appropriate hints to fix the fault. FIXBUGS is an ex-
tended version of FindBugs, which is developed by
Barik et al. [42]. The proposed tool generates some
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slow fixes, that is, step-by-step intermediate changes
that can result in fixing the fault. In this way, the
programmer is enabled to explore other possible mod-
ifications to fix the fault. This scheme is intended to
establish a trade-off between manual and automatic
debugging of programs.

Fault Localization. In the literature, there exist
several categories of techniques that attempt to iden-
tify the most suspicious code regions or code elements
that are highly likely to be responsible for the detected
fault(s). They include slicing-based [43], state-based
[9], machine learning-based [44], statistical-based [45],
and SBFL techniques [46]. Among these categories,
various large-scale empirical studies [5, 20, 26, 27, 46]
have provided experimental confirmations in support
of the effectiveness of SBFL techniques. Some of the
SBFL techniques include Tarantula, Jaccard, Ochiai,
Ample, Zoltar, and Sokal. SBFL techniques often fol-
low the same approach, as mentioned by Tarantula.
However, the difference among SBFL techniques just
lies in the formula that they employ to achieve the
suspiciousness scores of the code elements.

Despite the significant achievements, fault localiza-
tion is generally an unsolved problem [10, 47]. That
is, every fault localization technique shows experi-
mental effectiveness in certain situations; neither of
the techniques has proven efficacy for all situations.
For large-scale software systems, a fault localization
technique may label a large region of the code as po-
tentially faulty code elements. Alternatively, it may
often be the case that many code elements receive the
same rank, possibly the top rank. These situations
make the developer inspect a large amount of code.
As a result, AFL techniques may practically turn out
to show low effectiveness and the debugging process
remains an arduous task [48].

Gamification for Software Engineering. Re-
searchers in the field of software engineering have ex-
plored the application of computer games for various
serious tasks. Arai et al. [49] have applied gamification
to investigate the warnings of fault pattern tools. The
study is aimed at motivating developers to remove the
warnings issued by the FindBugs tool. Code Hunt is a
web-based platform that is presented by Tillmann et
al. [50] to help students write a program. The players
(students) modify and evolve a program and the code
hunt generates feedback as some sort of score. The
feedback is achieved based on the number of test cases
that the modified program can pass. Rings [28] is a
gamified tool to help developers improve the process
of software testing. Particularly, the tool is aimed at
generating effective test data, while it tries to make
the process entertaining for the developers. Rojas et
al. [32] have introduced Code Defenders which is de-

signed based on the gamification approach. This tool
is designed to conduct effective mutation testing. To
this end, a player is either an attacker that tries to
generate mutants or a defender that attempts to gen-
erate effective test cases to kill the mutants. Garćıa et
al. [51] introduced a novel comprehensive framework
by which developers are enabled to establish gamified
applications for software engineering. The framework
comprises an ontology, a methodology, and a gamifi-
cation engine. To understand the efficacy of gamifi-
cation for teaching purposes, de Jesus et al. [52] con-
ducted a systematic mapping study to investigate the
application of gamification in the context of software
testing. Then, they developed a gamified approach by
which the researchers established training courses on
functional testing. A major observation of the study
was that the participants found the gamified training
attractive and funny.

2.3 Summary

In this section, an elaboration on the concepts that
are necessary to grasp the contribution of this paper
was presented. Particularly, the preliminaries of soft-
ware testing and fault localization techniques were
elucidated. Then, computer games as well as gamifi-
cation were illuminated. Gamification is the applica-
tion of games in serious practical and industrial tasks.
Next, the studies that are related to this paper were
reviewed. From debugging assistance category of tech-
niques, it can be learnt that they have proven useful
tools for developers. However, debugging is in nature,
an exploration task. As such, it is a time-consuming
and arduous task and needs the developer to remain
patient and enthusiastic. From the fault localization
category of techniques, it can be learnt that the cur-
rent AFL techniques, particularly SBFL ones, have
shown promising experimental effectiveness. However,
they do not currently generalize to every situation
and human intervention becomes mandatory. Finally,
from the gamification category of techniques, it can
be learnt that gamified software testing applications
can introduce enthusiasm to the users and can help
them keep attracted to the assigned task.

Based on the lessons learned and the successful re-
sults of gamified software testing applications, the au-
thors are motivated to apply gamification in post-test
tasks of the software debugging process. In particular,
this paper is aimed to introduce a gamified approach
for fault localization and program repair. In the next
section, the details of fulfilling this objective are ar-
ticulated.
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3 The Proposed Approach

In this section, a new approach, namely Gamifault, is
introduced that is intended to be used as a debugging
assistance tool. The difference between Gamifault
with the existing tools lies in the incorporation of
game elements and mechanics in the tool functionality.
These augmented functionalities are adapted to the
context of program debugging to act as stimuli and
provide motivation and enthusiasm to the process.
That is, it sought to develop a gamified tool, which
tries to mitigate the issues with the longsome and
boring nature of the debugging process. The ultimate
goal is to help developers fix more faults and release
higher-quality software systems.

As can be seen in Figure 1, Gamifault receives as
input, the source code of a faulty program p and
an associated test suite TS for p. In general, any
AFL technique can be incorporated into Gamifault.
Hereafter the applied AFL technique is called afl.
The test suite must involve at least a failing test case
that acts as a fault oracle. Then, Gamifault proceeds
with three major steps as per the following.

Step 1: Automatic Fault Localization. The in-
corporated fault localization technique afl is applied
on p based on TS. The result of this step is a ranked
(arranged) list of code elements within p according to
the fault-proneness estimation of code elements. In
particular, a calculation is carried out on p to assign
the code elements some sort of score. Based on the
scores, the code elements within p are ranked. A top-
ranked code element c indicates that it is highly likely
that c is responsible for the fault in p. For instance,
if the applied afl is an SBFL technique and the de-
sired code element is chosen at the statement level,
the calculation comprises instrumentation on p fol-
lowed by computing the suspiciousness scores for every
statement. This step helps significantly narrow down
the search space of faulty code elements. As a conse-
quence, the required time for the developer (player)
to pinpoint the faulty code elements, is expected to
be substantially reduced [10].

Step 2: Code Modification. In this step, the
developer leverages the information from the last step
and tries to identify the exact code elements in p
that are responsible for the fault. Then, the developer
modifies p in an attempt to fix the fault.

Step 3: Context Gamification. In this step, the
modified program and TS are used to achieve some
information from the last activity of the developer on
p. Then, several game mechanics and elements are
applied to this information and the results are pre-
sented to the developer. The developer is allowed to
accomplish the debugging tasks in a pre-determined

 

 
Figure 3: The flowchart demonstration of Gamifault gamification 
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Figure 2. The Flowchart Demonstration of Gamifault Gami-
fication.

time slot. In addition, the time-lapse is shown to the
developer, which acts as a game mechanic in the Gam-
ifault approach. Put simply, the developer observes
the progress of debugging as a gamified context, which
is proportionate to his/her performance. This gami-
fied context is intended to retain the attention of the
developer and makes the process motivational and
enthusiastic.

Gamifault considers the modified program at Step 3
as a new program p and goes back to Step 1. The pro-
cess is repeated until the modified program is passed
against all test cases within TS or a pre-determined
timeout is exhausted. After the fault-localization pro-
cess, the third step involves code modification, which
is also a manual task of the developer.

3.1 Gamification of Debugging Context

In this section, the details of enforcing game mechanics
and elements in the process of debugging by Gamifault
are articulated. Particularly, in this step, Gamifault
reacts to the developer in a gamified manner. That is,
it provides some feedback to the developer based on
his/her modifications to the faulty program. The feed-
backs offer two functionalities. For one, they inform
the developer how close the modified faulty program
is to the correct one. For two, they are intended to
stimulate the developer to proceed.

The gamification dynamics that Gamifault is meant
to foster are acquisition, retention, and involvement.
The acquisition part concerns itself with the act of
entering the developers into the Gamifault system.
The retention part is associated with incentivizing
the developers to come back to the Gamifault system
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and keep using it. In the involvement part, Gamifault
attempts to incorporate and present game-like effects
while the developer is involved with modifying and
fixing the faulty code.

The flowchart in Figure 2 presents how Gamifault
helps developers more effectively debug the program.
In non-gamified situations, typically, a developer con-
siders modifying the faulty code irrespective of his/her
previous actions. The developer may be ignorant of
how much time has elapsed and how close is the cur-
rent faulty program to the correct version. However,
in the gamified context, which is the case for Gami-
fault, the developer is notified with the elapsed time,
the remaining time, and the amount of proximity to
the correct, fixed version of the given faulty program,
in terms of the number and the names of the pass-
ing test cases and the remaining failing ones. These
data can inform the developer of his/her progress. In
addition, obtained point of the developer, along with
his/her rank and level, is shown, which can act as per-
suasive motives to proceed. By the time the developer
stops modifying the code and re-runs the test cases,
the game-like data are updated.

3.1.1 Acquisition

To realize the acquisition part, two approaches are
employed, which are advertising Gamifault and intro-
ducing it through the Gamifault users. To advertise
Gamifault, one can use social networks such as the
channels and groups within Telegram and WhatsApp
as well as Instagram posts. In addition, word-of-mouth
marketing can be used.

To introduce Gamifault to new users, several game
elements are used to act as a referral engine. The el-
ements are intended to incentivize the developers to
inform and ask their friends, families, and acquain-
tances to use Gamifault. The major element that is
applied for this purpose is an achievement. For each
user invitation, some achievements are considered that
ultimately serve Gamifault as a way for promotion
and proliferation of the users. The sub-elements of
achievement include point, badge, scheduled score,
activity feed, and status.

To realize the point element, Gamifault provides
a way to invite new users by a current user. Then,
the current user achieves an extra point per new user
invitation. The badge element is applied as a scoring
mechanism to encourage the users to keep utilizing
the Gamifault to complete their tasks. Gamifault of-
fers several badges to a current user who invites new
users. The scheduled score is a game element that at-
tempts to establish some constraints for the user to
increase the efficiency of his/her activities. To this
end, Gamifault allows inviting at most two new users

per day. This design decision is considered to enforce
a current user to invite more specialized and skilled
users. With the activity feed, it is assumed that pre-
senting the status of each user may foster the moti-
vation of other users. To this end, Gamifault applies
a dashboard to demonstrate the obtained scores of
users. The functionality of the status element is to
offer some privileges to the users with higher scores.
Gamifault allows privileged users to choose harder
faulty programs, which can indicate higher skill and
expertise of the user.

3.1.2 Retention

To incentivize uses to permanently recur Gamifault
and keep applying it for debugging, it is needed to
properly identify the key activities and evaluate them.
Several game elements are used to fulfill the mentioned
objective. They include achievement, bonus, level,
progression, leaderboard, onboarding, cascading info
theory, scheduled score, countdown, ownership, loss
aversion, user profile, avatar, competition, endless,
discovery, activity feed, and notifier.

The first retention element is an achievement, which
is employed to motivate the players. Gamifault utilizes
two kinds of achievements, namely, point and badge.
Once a player achieves a certain objective, some points
can be assigned to further motivate the player to keep
using the system. In Gamifault, badges are shown
based on the number of debugged programs and the
number of times that a player signs in to the system
and uses Gamifault to debug a program.

Regarding the bonus, Gamifault considers offering a
bonus to a user who can complete the assigned mission
in the determined time interval. In addition, a bonus
is given to a user that completes the questionnaire or
his/her profile. Gamifault presents the most recent
level in which a user is playing. However, Gamifault
does not enforce any limitation to the number of levels
that can be followed by a user. Nevertheless, some
extra points are assigned to the user who reaches
higher levels.

Progression is another game element by which Gam-
ifault attempts to motivate users to keep playing. Of-
fering a badge is an instance of user progression. In
addition, the movement to the next level, leaderboard,
and progression bar are other means that serve Gami-
fault as the enforced game elements.

Another game element that is employed by Gami-
fault is a leaderboard. With this element, Gamifault
is intended to present the highest scores to make a
further incentive for the players. To realize the leader-
board Gamifault considers showing the name, point,
rank, and avatar of the 10 players with the highest



Research Article, 2023, Volume 10, Number 1 (pp. 17–33) 25

total points. In addition, an onboarding game element
is provided in Gamifault to serve the player as the
user manual of the system and individual levels.

The objective of cascading info theory is to present
the information of the project in small fragments to the
user. With a scheduled score, a user can obtain some
scores after a certain milestone is achieved. Gamifault
offers scores in terms of points that are given upon
completion of a certain number of projects. The count-
down game element is intended to put constraints on
the allowed time to complete a project. The time con-
straints can be determined based on the difficulty of
the assigned programs. A user is expected to focus on
the assigned project so that he/she can complete the
project before the time is exhausted.

The ownership mechanism intends to persuade the
user to consider the assigned project as his/her prop-
erty. In this way, the user may attempt to achieve the
best results. Gamifault offers five credits to a user
upon the first usage of the system. The given credits
can also act as a loss-aversion mechanism for a user.
In case a user fails to repair the program, the user’s
credit is decremented by 0.5. alternatively, if the user
withdraws the task or the allowed time is exhausted,
the user’s credit is decremented by 1. Otherwise, in
the case that the uses can successfully repair the given
faulty program, his/her credit is incremented by 1.

Gamifault offers a profile section in which a user’s
personal information can be provided. For Gamifault,
the information regarding the debugged programs is
also recorded in the user’s profile. The avatar is a
game element by which the characteristics of a user
are demonstrated. Gamifault allows a user to set an
avatar in his/her profile to make some sort of anthro-
pomorphic feelings. In addition, Gamifault offers a
competition game element that is intended to moti-
vate users to spend more effort during the assigned
task. The competition allows a user to be informed of
the status of other users, and consequently, the user
may try to be more engaged to outperform other users.

The endless game element aims to infuse the user
that further game levels remain. As a result, the user
can be motivated to keep using the system or recur the
system more frequently. The discovery game element
is a means to incentivize the user to explore the system
to have an experience from every aspect of the system.
For example, Gamifault assigns a deadline to complete
a certain task and moves forward to the next levels of
the system. With the activity feed element, Gamifault
seeks to inform players of the progress of the current
task at hand. Gamifault makes use of a bulletin board,
in which the most recent events are shown. In addition,
a notifier is used by which Gamifault informs the
player upon promoting to a higher level.

3.1.3 Involvement

To involve the active participation of the developer
during the debugging, Gamifault offers scores for var-
ious situations. For one thing, Gamifault assigns cer-
tain scores according to the difficulty of the under-
taken task. For a player with credit (m/5), Gamifault
offers a score of (n ∗ 15) ∗ (m/5) if the player could
successfully debug a program with difficulty factor
n. For another thing, in case a player has been using
Gamifault for k consecutive days, a score of (k ∗ 2.5)
is added to the player’s score. Table 2 lists the scores
that Gamifault offers based on the player’s various
activities.

4 Evaluation

To evaluate Gamifault, implemented a web-based pro-
totype tool 1 using ASP.NET and Python languages
was implemented. Figure 3 depicts an execution snap-
shot of the prototype tool.

In the tool, Tarantula was used as an SBFL tech-
nique embedded in Gamifault. In addition, Cober-
tura 2 was used to serve us as a Java code coverage
tool. As subject programs, 46 faulty programs were
randomly chosen from Code4Bench [22], in which
high-quality test cases, along with associated test ora-
cles, are provided. The subject programs are written
in Java language by international programmers from
all over the world. The programs implement various
algorithmic problems. As the compiler of Java pro-
grams, Java Development Kit (JDK) 8 was used. In
addition, a graphical environment was prepared in our
tool that visually highlights the code. In particular,
a code highlighted in red color indicates that it has
been executed by a failing test case and implies a dan-
gerous situation from the gamification viewpoint. A
code highlighted in green is intended to convey that
it has been executed by a passing test case, yielding
a safe situation. A code highlighted in yellow speci-
fies a caution situation. That is, the code has been
executed by both passing and failing test cases. In
case the whole suite of test cases is passed against the
given program, further SBFL computations are not
required at all. The mentioned scheme of code high-
lighting from Jones et al. [53] was adopted in our tool.
In Figure 4, it can be seen shown how a participant
can invite friends, thereby promoting Gamifault and
increasing his/her points. The main mechanism is by
submitting an email to a friend.

To demonstrate the effectiveness of Gamifault, a
couple of groups of participants were considered where

1 https://github.com/akhalilian/Gamifault
2 https://cobertura.github.io/cobertura/
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Table 2. The Scoring Scheme Used by Gamifault Based on the Player’S Activities.

Activity
No.

Description Score

1 Filling optional information fields in the player’s profile 7.5

Filling necessary information fields in the player’s profile including the user’s
email

20.0

2 Correct debugging of the faulty code by the user 15.0

3 For each time that the user logs in to the Gamifault 2.5

4 Consecutive application of Gamifault 5.0

5 Announcing status on social networks 10.0

6 Filling questionnaire inquiries 7.5

7 Consecutive debugging 17.5

8 The current player invites a new user to the Gamifault 4.1

9 The current player invites a new user to the Gamifault and the invited user
signs in to the Gamifault

8.2

10 The current player invites a new user to the Gamifault, the invited user signs
in and starts debugging

12.5

11 The received score at level l; starts at level number one and is increased by one. ( l
0.25 )2
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Table 3. The questions and associated choices used in the survey experiment. “A”, “R”, “C”, and “S” correspond to attention,

relevance, confidence, and satisfaction, respectively.

Number Questions and Choices Model
Component

1 I can proceed with software debugging with no exhaustion for . . .
a) very short time. b) short time. c) long time. d) very long time.

A

2 I have expected to solve (debug). . . several programs. a) few b) a
few c) a multitude d) a vast

C

3 The amount of time that I have spent debugging is. . . a) much less
than what I have considered. b) less than what I have considered. c)
more than what I have considered. d) much more than what I have
considered.

C

4 If I face an issue in the course of debugging, I. . . a) decline to debug.
b) usually try to resolve it. c) decline to debug quickly. d) decline to
debug much quickly.

R

5 When I debug collectively, . . . a) I am very little interested in com-
pleting before others. b) I am little interested in completing before
others. c) I am much interested in completing before others. d) I am
very much interested in completing before others.

C

6 I am not noticed as time elapses. . . a) I do not focus on debugging
at all I miss the time elapse. b) I do not deeply focus on debugging
and I miss the time elapse. c) I am focused on debugging. d) I am
highly focused on debugging.

A

7 I . . . debug the code because it is . . . exhilarating for me. a) do not
continuously, much little b) do not continuously, little c) continu-
ously, much d) continuously, very much

S

8 I . . . recommend Gamifault to my friends after every debug. a)
seldom b) weakly c) highly d) strongly

S

9 Whenever I have some time, I keep on debugging. a) seldom b)
weakly c) highly d) strongly

R

10 When I face a multiple-fault program, . . . a) I am seldom motivated
to resolve all faults. b) I am weakly motivated to resolve all faults. c) I
am highly motivated to resolve all faults. d) I am strongly motivated
to resolve all faults.

R

one group employs Gamifault, which is the gamified
debugging environment, and another group works with
the non-gamified version, in which only SBFL scores
are presented. Gamifault and its non-gamified version
serve us as tools for test and control experiments, re-
spectively. The non-gamified version is needed that
allows us to assess whether the absence of game-like el-
ements might result in performance degradation of the
debugging process, hence gamified debugging would

be a promising approach. The non-gamified version is
not meant solely to compute code coverage. Rather,
it automatically computes the suspiciousness scores
of each statement based on the Tarantula technique.
The aim is to provide a debugging environment analo-
gous to Gamifault, in which just game-like elements
are omitted.

The participants have been selected from the bach-
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Figure 4. Invitation of Friends to Promote Gamifault.

elor students of computer engineering at Shahid Be-
heshti University 3 , which is one of the top universities
in Tehran, the capital city of Iran. Each participant is
required to be at least a sophomore student and is fa-
miliar with the Java language. As a consequence, two
groups of participants were collected, with each group
comprising 15 persons. The ages of participants range
from 19 to 23 years old with 22.5 years on average.
The participants were allowed to use the system at
an arbitrary period of the determined time interval,
which was set to seven days. In addition, a participant
can leave the system at any desired time. Figure 5
depicts some screenshots of running Gamifault.

4.1 Results

In the gamified version of the system, that is the Gam-
ifault itself, 5 participants did not log in to the system
at all, whereas 10 remaining participants continuously
kept using the system during the determined time in-
terval. 10 users of the gamified version have spent 982
minutes (16.36 hours) with Gamifault and could have
successfully debugged 95 faulty programs. On average,
each participant has spent 65.4 minutes on debugging,
which includes fault localization and program repair.
The average debugging time for male and female par-
ticipants has been obtained as 82.5 and 46 minutes,
respectively. For 10 participants who took part in the
experiment with Gamifault, a range of 27 seconds to
18:06 minutes was taken to reach the sixth level of
Gamifault.

In the non-gamified version of the system, 9 partic-
ipants declined to use the system and did not use it
at all. The users of this group have spent 254 minutes
and could have successfully debugged 7 faulty pro-
grams. The average debugging times for the users of
the non-gamified system are 9.65 and 23.35 minutes,
respectively. In addition, the users have spent a mini-
mum of 28 seconds and a maximum of 20:23 minutes
using the system whereas the users could achieve at
most the fourth level. On average, the participants
spent 16.9 minutes using the system.

The analysis of the results shows that with the gam-
ified version of the system, the faulty programs have

3 https://en.sbu.ac.ir/

been debugged in less time, as compared to the non-
gamified version. In addition, with Gamifault, the
number of debugged programs has dramatically in-
creased by a factor of nearly 13. This result can be
attributed to the participants’ eagerness and enthusi-
asm established by the game elements embedded in
Gamifault.

To evaluate the effectiveness of Gamifault, the mea-
sures throughput, average lifetime play, and expected
contribution were measured, which were proposed by
Von Ahn and Dabish [54]. Throughput is defined as
the average number of programs that are debugged
per one participant/hour. Average lifetime play is
defined as the average time a participant spends us-
ing the systems for other participants. The expected
contribution is obtained from the multiplication of
throughput and the average lifetime play.

As a result of applying the measures to our experi-
mental data with Gamifault, the throughput would be
5.8, which is 95 debugged programs divided by 16.36
hours. The average lifetime play is obtained from a
division of 982 by 15, yielding 65.46 minutes or 1.09
hours. From the last two measures, it turns out that
the expected contribution would be 1.09 multiplied
by 5.8, which gives 6.32. Applying the measures to
the experimental data with the non-gamified system,
1.65 programs per participant/hour, 17.33 minutes
(0.28 hours), and 1.18 were obtained for the through-
put, average lifetime play, and expected contribution,
respectively.

Overall, it can be concluded that Gamifault can
noticeably outperform traditional debugging systems.
Gamifault seems to introduce a large amount of moti-
vation and exhilaration to the developers and make
them keep debugging the programs at hand.

4.2 The Survey

The core proposals of this research are the introduc-
tion of crowdsourcing into the debugging task while
motivating the participants. Gamifault is designed to
offer these properties. The ultimate goal is to improve
the effectiveness of human activities in debugging
faulty software. Accordingly, it is sought to assess the
satisfaction of the participants with Gamifault. To
this end, a questionnaire-based survey was prepared
in which 10 questions were asked from the partici-
pants who have used the gamified and non-gamified
systems, namely test and control groups, respectively.
The questions are designed based on the ARCS moti-
vational model [55]. The aim is to assess the overall
experience and motivation of the participants when ap-
plying both gamified and non-gamified versions. The
model comprises four components, namely, attention
(A), relevance (R), confidence (C), and satisfaction
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(S). The A component is concerned to the amount to
which the participant is interested in the content and
problem-solving. The R component deals with how
much the participant is accustomed to the assigned
activity. The C component points to the fact that the
confidence of the participant in his/her ability to ac-
complish the task would lead to extra motivation and
a tendency to proceed with the activity. Finally, the
S component indicates that the participant needs to
have a sense of value in the activity to justify spending
unremitting attempts to complete it. The questions
are presented in Table 3.

In the survey experiment, the amount of motivation
that Gamifault introduces to the participants is con-
sidered the dependent variable. The survey was con-

ducted in both pre-experiment and post-experiment
manners. The SPSS version 18 was used to analyze
the results. Table 3 demonstrates the mean and stan-
dard deviation of pre-experiment and post-experiment
answers for both test and control groups. As can be
seen in Table 4, the mean and standard deviation of
the motivation for the test group has increased, as
compared to the control group.

To compute the statistics presented in Table 4, we
have used the Likert-Scale 4 method [56, 57]. In survey
studies, in which questionnaires are used, the Likert-
Scale method is widely used to transform qualitative
answers to quantitative measures. Then, the scores

4 https://en.wikipedia.org/wiki/Likert scale
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Table 4. The mean and standard deviation of the answers

for test and control groups, measured in pre-experiment and

post-experiment manners.

Group Mean
Standard
Deviation

Number

Control 21.8000 3.91335 15

Test 30.0667 4.43234 15

Total 25.9333 5.54563 30

associated with the answers of each questionnaire are
summed to achieve the total score of that question-
naire, that is, the score of a participant’s survey. In
Table 4, the mean and standard deviation statistics
are obtained from the scores of our survey.

4.3 Discussion and Threats to Validity

Gamifault is a gamified debugging environment that
can be used to resolve faults. It is meant to make an
attractive environment so that the developer proceeds
debugging with higher motivation and enthusiasm.
Observing from the code review domain, Gamifault
highlights the suspicious statements. In search of faulty
statement(s), a developer can start reviewing high-
score, suspicious statements to lower ones. Gamifault
does not provide any novelty from the gamification
perspective. Rather, the novelty lies in the adaptation
and application of gamification potentials into the
laborious task of debugging. Regarding the quality
of the repaired codes, our investigations showed that
the repaired codes pass against every test case in the
associated test suite and the codes are readable, but
not necessarily optimized, clean code.

In the experiments, 30 users participated, which
might be an impediment to the generalization of the
results. However, the choice of 15 participants for each
of the control and test groups is a statistically stan-
dard method in studies involving human intervention.
Next, Gamifault is hardly related to the quality of
the test suite. Hence, a low-quality, inadequate test
suite that lacks at least a failing test case can ren-
der Gamifault a less effective approach. To mitigate
this threat, the subject programs were taken from
the Code4Bench suite of programs. The programs in
Code4Bench are provided with high-quality test cases.
In addition, Gamifault does not provide any facility
to supply the deficiencies associated with unskillful
or junior developers. As such, the level of expertise
in programming among the users can either improve
or exacerbate the overall efficacy of Gamifault. To
mitigate this threat, the users were chosen from the
bachelor students of computer engineering at Shahid
Beheshti University, which is one of the top univer-

sities in Tehran. Furthermore, each chosen user was
required to be at least a sophomore student as well as
familiar with the Java language. As a result, a bare
minimum of programming expertise was considered.

5 Conclusions

The objective of this paper was to present a gamified
approach that can make the debugging of a faulty
program attractive. This objective was accomplished
by introducing Gamifault which can be used to mo-
tivate developers during the debugging process, that
is fault localization and program repair. Gamifault
leverages an existing spectrum-based fault localiza-
tion technique to rank the code elements according to
their suspiciousness score. The developer uses the sug-
gested ranked code elements and attempts to find the
statements that are responsible for the fault. Then,
the developer modifies the program in an attempt to
fix the fault. Gamifault uses a scoreboard to show
the success rate of the developer, that is the number
of passed test cases on the modified program. The
process is repeated similarly until the developer hope-
fully can fix the faulty program. To evaluate Gami-
fault, a prototype tool was developed and used on 46
subject programs taken from Code4Bench. For the
non-gamified version, we have obtained 1.65, 17.33,
and 1.18 for throughput, average lifetime play, and
expected contribution, respectively. for the gamified
version, the experimental results were obtained as 5.8,
65.46, and 6.32 for throughput, average lifetime play,
and expected contribution, respectively. in addition,
using a questionnaire-based survey, we found that the
motivation for the test group has increased, as com-
pared to the control group. It turned out that using
the Gamifault, most of the faulty programs can be
fixed in less than two minutes on average.

In the future, this work can be extended in several
ways. First, further implementations for other popular
programming languages such as Python and Kotlin
can be presented and evaluated. Second, additional
experiments can be conducted on larger programs.
Third, several alternative fault localization techniques
can be used and investigated.
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