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Abstract

Crowd-based outsourcing is an emerging trend in testing, which integrates advantages of
crowd-based outsourcing in software testing. Open call format is used to accomplish various
network tasks involving different types of testing levels and techniques at various places by
software testers. Crowd-sourced software testing can lead to an improper testing process as if
it does not allocate the right task to the right crowd with required skills and not choose the
right crowd; it can lead to huge results, which become time-consuming and challenging crowd-
source manager for the identification of improper one. The primary purpose of this research is
to make crowd-based outsourced software testing more effective and reliable by relating
association between the software tester, personality characteristic, and different levels of
software testing, i.e., unit, integration, and system, in order to find appropriate personality
characteristic for required testing level. This research has shown an observed experiment to
determine which software testing level suits which personality characteristic tester in a crowd-
based software testing environment. A total of 1000 software testers from different software
houses and firms in Pakistan were registered to perform tasks at different software testing
levels. The Myers-Briggs Type Indicator (MBTI) test is used to identify each tester's
personality characteristic involved in this research study.

Keywords: Crowd-based outsourcing, MBTI, software testing levels, personality
characteristics, open call.
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1. Introduction

Crowdsourcing is an emergent technique based on the distributed problem-solving model,
which combines human and machine computation. In 2006 the term ‘crowdsourcing' was
combinedly devised by Howe and Robinson. It is defined as crowdsourcing as an open call
format used by the organization to outsource the workers' participation on the network with
undefined, online labor [1]. Mao et al. [2], [3] stated that choosing the right and efficient crowd
workers from huge crowd sets is a hectic process and requires a significant amount of time to
select appropriate crowd workers for required tasks evaluate their results. It is stated that the
performance of the task by improper crowd worker can not only lead to low-quality
deliverables but also overload the platform, further it is also stated that task may affect the
quality of software if not considering relevant crowd skills and expertise for required tasks as
tasks are posted in the vast amount [4], [5].

Software testing is an analyzing process to evaluate software elements' features and
distinguish the alterations between current and required circumstances (i.e., defects) of
software elements and improve their quality [6]. Software testing is a must for evaluating
software in terms of its behavior, performance, functionality, and quality, as software testing
puts away 40~50% of development efforts for reliable systems in software engineering [7].

Crowd-based outsourced software testing is the combination of software testing and crowd-
based outsourcing to use software testing in the crowd-based environment (open call format)
to get the advantage of recruiting globally online connected software testers. These software
testers prepare the test cases for software under consideration, send them to the project
manager of an organization for approval, and perform testing if their test cases get approved
by the organization. However, the issue is that testing can be performed at different levels, and
it is a must for a manager to know which tester performs better at which level of software
testing. Software testing levels include unit, integration, and system testing level [7], [8], [9].

There is no such related research available, which can relate the software testing level with
crowd-based outsourced testers for selecting suitable testers for relatable software testing
synchronization [10], [11]. Therefore, to resolve this issue, experimental research is performed,
which is explained in this paper, which shows that selecting suitable testers for taking part in
crowd-based outsourced testing and enabling a manager to choose appropriate software tester
to increase the efficiency of this process of testing task assignment. The proposed
improvement in the process will lead to less time consumption and quick sorting by relating
their personality types to software testing levels.

This research study's contribution can be beneficial for software companies so that they can
get benefit by hiring appropriate software testers for the required testing process and can be
beneficial for software testing team leader for allocating tasks to a suitable tester.

The remaining sections of this paper are organized as follows. Section 2 gives an overview
of related work. Section 3 discusses the proposed methodology. Section 4 presents the solution,
results, and discussion along with the experimental evaluation of the proposed system in the
real indoor environment. Finally, the conclusion is presented in Section 5.
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2. Related work

The relationship between crowd-sourced software testing techniques and personality type
has been proposed [12]. It has been identified that personality type with extrovert characteristic
software testers is suitable at performing tasks related to black-box testing techniques. In
contrast, personality type with introvert characteristic software testers are suitable for
performing white-box testing techniques. Also, it has been identified that software testers with
personality types having dimension J are more suitable for performing tasks related to black-
box testing techniques [12].

The method for the task assignment in a crowdsourcing environment for collaborative
development has been proposed. It focuses on three factors to achieve worker’s time, capacity,
and task module complexity [13]. Performance can be affected by the tester's ability and the
difficulty of testing tasks in crowd-based outsourcing. It is also found that a functional testing
task is executed improved when executed by a skilled crowd tester compared to one with less
or no experience in a crowd-based outsourcing environment; this difference between expert
and beginner is more evident when the task is more complex [14].

Crowd-based outsourcing faces the daunting task of allocating different types of tasks to
proper developers. In this process, there is a need to identify developers' proficiencies and
assign tasks based upon those proficiencies, but a significant portion of tasks are allocated
based on competition or bidding, resulting in a waste of time and human effort [15].

The current study of crowd-based outsourcing has been concentrating upon diverse areas,
like; how crowd-based outsourcing is advantageous [16], [17], how to deal, assign and solve
tasks of crowd-based outsourcing and quality deliverables [18], [19]. The task is based upon
real-time scheduling, which uses worker profiles to allocate responsibilities, such as Real-
Time Scheduling for crowdsourced tasks (REACT) [20]. Tasks through an information-
theoretic approach are allocated to staff, but these methods are traditional probabilistic
methods and do not establish a concrete criterion for testing tasks [21]. The individual-client
inclination Model is also proposed in which some strategies are also presented to make
recommendations [22]. A content-based technique was presented to ratify tasks of
crowdsourcing development [3].

Implicit modeling was used to ratify crowd workers' classification-based tasks based on
their interests and skills [23]. An approach is presented that focuses on recommending tasks
that suit the crowd workers [24]. Sheng et al. [25] stated the limitations to labeling for task
matching. Undesirable results could be produced due to workers' skills because of neglecting
the relationship between tasks and their requirements [26].

According to the proposed model, the tasks are allocated to crowd workers related to their
personality types [27]. A task cannot be executed if it is not allocated to a desirable personality
type worker. This statement also raises new challenges for crowdsourcing tasks and involves
a detailed consideration of allocating the workers with practical tasks related to their
personality type [28].

It is also mentioned that the probability of a task becoming successful increases if a task is
assigned to the appropriate personality type [29]. Task Assignment Model based on crowd-
based outsourcing for software development has also been proposed [30]. The association
between personality characteristics and task selection is identified, and it also establishes the
association of personality types with both prize money and deadlines; some personality
characteristics were more attracted in choosing prize money than time limit while some were
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more interested in choosing tasks related to the timeline [31]. The individual personality type,
which is a combination of four dimensions, as shown in Table 1, is classified based on the
MBTI (Myers-Briggs Type Indicator) test, so there are 16 possible personality combinations
shown in Table 2. To evaluate the personality characteristic of a crowd-based outsourced
software development worker MBT] test of personality characteristics is used as an instrument,
as it identifies the similarities between tasks according to personality characteristics [32], [33],
[34], [35], [36], [37]-

Table 1. MBTI Personality Characteristic’s Four Dimensions

Extroversion (E) Introversion (1)
Sensing (S) Intuition (N)
Feeling (F) Thinking (T)
Perceiving (P) Judging (J)

Table 2. MBTI 16 Personality Characteristics

I1ISTJ ISFJ INTJ INFJ
ISTP ISFP INTP INFP
ESTJ ESFJ ENTJ ENFJ
ESTP ESFP ENTP ENFP

This research paper aims to determine which level of software testing (unit, integration, and
system-level) is suitable for which personality type tester in a crowdsourced software testing
environment.

3. Personality Characteristic-based Enhanced Software Testing Levels

In order to fulfill research goals, a tentative tactic was integrated into the data set of testers.
Software testers from various firms and software houses in Pakistan were involved in this
research. Firstly, 1000 testers were registered for this research. Testers were required to fill
the registration form, which contains a questionnaire based on their personality characteristic.
The distinct personality characteristics are classified based on the MBTI (Myers-Briggs Type
Indicator) test [29]. In this study, a crowd tester's personality is evaluated by integrating MBTI
as an instrument to identify personality characteristic, as it is extensively used for similar
assessment tasks based on personality characteristics.

The study was conducted on a customized software program by providing testers with its
code and tasks. Testers were asked to complete those tasks on provided software to accomplish
unit, integration, and system-level software testing aspects. Customized software was also
developed to set the tasks to accomplish the tasks related to levels to satisfy the study
requirements. Tasks were given in three different rounds to satisfy requirements concerning
each level of software testing. Each tester has to do every task on the given software program.

e Round 1 contains five tasks of each unit and integration testing level to compare the
average score of each personality characteristic with unit and integration testing level.

e Round 2 contains five tasks of each integration and system testing level to compare
the average score of each personality characteristic with integration and system testing
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level.

e Round 3 contains five tasks of each unit and system testing level to compare the
average score of each personality characteristic with unit and system testing level.

& Registraﬁon of . g MBTI Questionnaire
Software Testers

Customized Software

Crowdsourced Testers applying
g different Testing Techniques

Testers will apply testing upon
various Levels, i.e., Unit,
Integration and System Level.
Personality

Characterization
7 Performance Evaluation
of Software Testers

Comparison of Results to find out
which Tester Personality suits which
testing Technique at which Level

Fig. 1. Research Methodology

The testers were asked to solve each and every task in each round, and then the score was
given based on the number of bugs found. After that, the average score was calculated for each
personality characteristic. A comparison was made on their average score by calculating their
percentage and observed which distinct personality characteristic suits at which software
testing level.

The equation used to calculate the average score of personality characteristic is given in
equation (1), where APC stands for an average score of personality characteristic and PC
stands for personality characteristic. Further, the percentage of an average score of personality
characteristic is calculated by equation (2).

APC = Y.(Score of PC) 1)
frequency of PC
APC % = —=2°_ % 100 @)

Total score



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 15, NO. 8, August 2021 2979

4. Results and Discussion

In this study, to accomplish the research experiment, the study was conducted on a
customized software program and set up defined tasks of each level of testing in different
rounds. Firstly, 1000 testers were registered from different firms and software houses in
Pakistan. While registering the testers, they were required to fill the questionnaire and the
registration form by which their personality characteristic was identified using the MBT] test
indicator. Table 3 shows the personality characteristic and the consecutive number of testers
registered in that personality characteristic. The study was conducted by providing testers with
a customized software program code, and tasks. Customized software was also developed to
set the tasks to accomplish the tasks related to levels in order to satisfy the study requirements
(unit, integration, and system levels of software testing aspects).

Table 3. Personality characteristic and number of testers registered having corresponding personality
characteristic

Personality Characteristic No: Personality Characteristic Frequency
1 ISTP 50
2 ISFP 27
3 INFP 88
4 INTP 65
5 ISTJ 65
6 ISFJ 102
7 INFJ 25
8 INTJ 56
9 ESTP 38
10 ESFP 49
11 ENFP 88
12 ENTP 99
13 ESTJ 54
14 ESFJ 100
15 ENFJ 55
16 ENTJ 39

Tasks were given in three different rounds to satisfy requirements concerning each level of
software testing. Each tester has to do every task on the given software program.

4.1 Round 1

Round 1 contains five tasks of each unit and integration testing level to compare the average
score of each personality characteristic with unit and integration testing level in order to find
which personality characteristic software tester performs which software testing level better.
Table 4 indicates Round 1, which contains tasks related to unit and integration testing level
based on a scale from 1 to 10.
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Table 4. Personality characteristic and consecutive score average of testers in Round 1 (Tasks of unit
and integration testing level) based on scale (1-10)

Personality Personality Software Testing Levels (Round 1)
Characteristic No: Characteristic Unit Testing Integration Testing
1 ISTP 8 4
2 ISFP 6 4
3 INFP 8 2
4 INTP 7 3
5 ISTJ 7 5
6 ISFJ 8 5
7 INFJ 9 1
8 INTJ 6 3
9 ESTP 4 9
10 ESFP 5 8
11 ENFP 5 7
12 ENTP 4 6
13 ESTJ 3 9
14 ESFJ 2 9
15 ENFJ 5 8
16 ENTJ 4 7
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Fig. 2. Round 1 (Unit and Integration Testing Levels) Results by Personality Characteristics

From Fig. 2, it is shown that in Round 1, tasks related to unit and integration testing levels
are carried out, and a score was given based on scale ranges from 1 to 10. After that average
score was calculated for the particular personality characteristic, and it is identified that testers
having introvert personality characteristics are better at executing unit testing level as
compared to testers having extrovert personality characteristics. In contrast, testers who have
extrovert personality characteristics are better at executing integration testing levels than
testers who have introvert personality characteristics.
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4.2 Round 2

Round 2 contains five tasks of each integration and system testing level to compare the
average score of each personality characteristic with integration and system testing level in
order to find which personality characteristic software tester performs which software testing
level better. Table 5 indicates Round 2, which contains tasks related to integration and system
testing based on a scale from 1 to 10.

Table 5. Personality characteristic and consecutive score average of testers in Round 2 (Tasks of
integration and system testing level) based on scale (1-10)

Personality Personality Software Testing Levels (Round 2)
Characteristic No: Characteristic Integration Testing System Testing
1 ISTP 4 3
2 ISFP 3 2
3 INFP 2 3
4 INTP 3 1
5 ISTJ 5 4
6 ISFJ 4 5
7 INFJ 2 5
8 INTJ 2 4
9 ESTP 7 5
10 ESFP 8 6
11 ENFP 8 7
12 ENTP 7 6
13 ESTJ 8 9
14 ESFJ 9 7
15 ENFJ 6 9
16 ENTJ 8 8
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Fig. 3. Round 2 (Integration and System Testing Levels) Results by Personality Characteristics

From Fig. 3, it is shown that in Round 2, tasks related to integration and system testing
levels are carried out, and a score was given based on scale ranges from 1 to 10. After that
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average score was calculated for the particular personality characteristic, and it is identified
that testers having extrovert personality characteristics are better at executing integration and
system testing level as compared to testers having introvert personality characteristics.

4.3 Round 3

Round 3 contains five tasks of each unit and system testing level to compare the average
score of each personality characteristic with the unit and system testing level to find which
personality characteristic suits at which software testing level better. Table 6 indicates Round
3, which contains tasks related to unit and system testing levels based on a scale from 1 to 10.

Table 6. Personality characteristic and consecutive score average of testers in Round 3 (Tasks of unit
and system testing level) based on scale (1-10)

Personality Personality Software Testing Levels (Round 3)
Characteristic No: Characteristic Unit Testing System Testing
1 ISTP 8 3
2 ISFP 6 3
3 INFP 7 4
4 INTP 5 3
5 ISTJ 6 4
6 ISFJ 6 4
7 INFJ 8 5
8 INTJ 9 4
9 ESTP 6 6
10 ESFP 3 6
11 ENFP 7 7
12 ENTP 3 5
13 ESTJ 2 7
14 ESFJ 4 8
15 ENFJ 2 9
16 ENTJ 4 8
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Fig. 4. Round 3 (Unit and System Testing Levels) Results by Personality Characteristics
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From Fig. 4, it is shown that in Round 3, tasks related to unit and system testing levels are
carried out, and a score was given based on scale ranges from 1 to 10. After that average score
was calculated for the particular personality characteristic, and it is identified that testers
having introvert personality characteristics are better at executing unit testing level as
compared to testers having extrovert personality characteristics. In contrast, testers who have
extrovert personality characteristics are better at executing integration testing levels than
testers who have introvert personality characteristics.

4.4 Comparison of personality characteristic with respect to software testing
levels based on average score

This section focuses on comparing personality characteristics and software testing level
based on average score from rounds 1, 2, and 3 to find which personality characteristic tester
performs tasks related to which software testing level better. Table 7 indicates the average
score of Unit, Integration, and System testing level contained in Round 1, 2, and 3 to find
which personality characteristic executes tasks of which software testing level better based on
a scale from 1 to 10.

From Table 7, it is concluded that testers with introvert personality characteristics are more
appropriate for unit testing level than extrovert personality characteristics except for ENFP. In
contrast, the testers who have extrovert personality characteristics are better at executing
integration and system testing levels. Further it is also analyzed that testers with personality
characteristics having S (Sensing) dimension are better at executing tasks related to Integration
testing level, also it is analyzed that testers with personality characteristics having J (Judging)
dimension are better at executing tasks related to System testing level.

Table 7. Personality characteristic and consecutive score average of testers in different testing levels
based on scale (1-10)

Personality . Software Testing Levels (Round 3)
Characteristic Personall_ty_ . . . . .
No: Characteristic Unit Testing Integration Testing | System Testing
1 ISTP 8 4 3
2 ISFP 6 3.5 2.5
3 INFP 7.5 2 3.5
4 INTP 6 3 2
5 ISTJ 6.5 5 4
6 ISFJ 7 4.5 4.5
7 INFJ 8.5 15 5
8 INTJ 7.5 2.5 4
9 ESTP 5 8 55
10 ESFP 4 8 6
11 ENFP 6 7.5 7
12 ENTP 3.5 6.5 55
13 ESTJ 2.5 8.5 8
14 ESFJ 3 9 7.5
15 ENFJ 3.5 7 9
16 ENTJ 4 7.5 8
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Fig. 5. Unit testing level Results by Personality Characteristics
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Fig. 6. Integration testing level Results by Personality Characteristics

From Fig. 5, it is shown that testers who have introvert personality characteristics are
appropriate for unit testing level as compared to extrovert personality characteristics except
for ENFP. From Fig. 6, it is shown that the testers who have extrovert personality
characteristics are better at executing tasks related to integration testing level.
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Fig. 7. Integration testing level Results by Introvert Personality Characteristics

From Fig. 7, it is shown that introvert personality characteristics having S (sensing)
dimension executes Integration Testing Level improved than introvert personality
characteristics which do not have S (sensing) dimension, means ISTP, ISFP, ISTJ and ISFJ
personality characteristic testers are suitable in executing integration testing level than INFP,
INTP, INFJ and INTJ personality characteristic testers.

Average Score

Personality Characteristic

Integration Testing

Fig. 8. Integration testing level Results by Extrovert Personality Characteristics

From Fig. 8, it is shown that extrovert personality characteristics having S (sensing)
dimension executes Integration Testing Level tasks improved than extrovert personality
characteristics which do not have S (sensing) dimension, means ESTP, ESFP, ESTJ and ESFJ
are suitable in executing integration testing level than ENFP, ENTP, ENFJ and ENTJ
personality characteristic testers.
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Fig. 9. System testing level Results by Personality Characteristics

From Fig. 9, it is shown that the testers, who have extrovert personality characteristics, are
better at executing tasks related to system testing level than introvert personality characteristics.

Average Score

Personality Characteristic

System Testing

Fig. 10. System testing level Results by Introvert Personality Characteristics

From Fig. 10, it is shown that introvert personality characteristics having J (judging)
dimension executes System testing level improved than introvert personality characteristics
which do not have J (judging) dimension, means INFJ, ISFJ, ISTJ, and INTJ personality
characteristic testers are suitable in executing system testing level than INFP, ISFP, ISTP and
INTP personality characteristic testers.



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 15, NO. 8, August 2021 2987

H
H
8
]
[
g
<

ENTP

12
Personality Characteristic

System Testing

Fig. 11. System testing level Results by Extrovert Personality Characteristics

From Fig. 11, it is shown that extrovert personality characteristics having J (judging)
dimension executes System Testing Level tasks improved than extrovert personality
characteristics which do not have J (judging) dimension, means ESFJ, ENFJ, ESTJ and ENTJ
are suitable in executing system testing level than ENFP, ESFP, ESTP and ENTP personality
characteristic testers.

Table 8, indicates the percentage of average score of Unit, Integration, and System testing
levels to compare overall impact to find which personality characteristic tester executes tasks
of which software testing level better.

Table 8. Personality Characteristic and percentage of consecutive score average of testers

Personality p . Software Testing Levels (Round 3)
Characteristic ersonall_ty_ . . . . .
No- Characteristic Unit Testing Integration Testing | System Testing
1 ISTP 80 40 30
2 ISFP 60 35 25
3 INFP 75 20 35
4 INTP 60 30 20
5 ISTJ 65 50 40
6 ISFJ 70 45 45
7 INFJ 85 15 50
8 INTJ 75 25 40
9 ESTP 50 80 55
10 ESFP 40 80 60
11 ENFP 60 75 70
12 ENTP 35 65 55
13 ESTJ 25 85 80
14 ESFJ 30 90 75
15 ENFJ 35 70 90
16 ENTJ 40 75 80
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Fig. 12. Unit, Integration and System testing level Results by Personality Characteristics

From Fig. 12, it is concluded that testers who have introvert personality characteristic i.e.,
ISTP (80%), ISFP (60%), INFP (75%), INTP (60%), ISTJ (65%), ISFJ (70%), INFJ (85%) or
INTJ (75%) are more appropriate for unit testing level as compared to extrovert personality
characteristic except ENFP (60%). While the testers, who have extrovert personality
characteristic i.e., ESTP (80%), ESFP (80%), ENFP(75%), ENTP (65%), ESTJ (85%), ESFJ
(90%), ENFJ (70%) or ENTJ (75%) are better in performing tasks related to integration testing
level as compared to introvert personality characteristic, similarly, the testers, who have
extrovert personality characteristic i.e., ESTP (55%), ESFP (60%), ENFP(70%), ENTP (55%),
ESTJ (80%), ESFJ (75%), ENFJ (90%) or ENTJ (80%) are better in performing tasks related
to system testing level as compared to introvert personality characteristic. Further it is also
analyzed that testers with personality characteristics having S (Sensing) dimension are better
at executing tasks related to Integration testing level, means ESTP, ESFP, ESTJ and ESFJ
personality characteristic testers are suitable in executing integration testing level than ENFP,
ENTP, ENFJ and ENTJ personality characteristic testers, similarly testers with personality
characteristic ISTP, ISFP, ISTJ and ISFJ are suitable in executing integration testing level than
INFP, INTP, INFJ and INTJ personality characteristic testers, also it is analyzed that testers
with personality characteristics having J (Judging) dimension are better at executing tasks
related to System testing level, means ENFJ, ESFJ, ESTJ, and ENTJ personality characteristic
testers are suitable in executing system testing level than ENFP, ESFP, ESTP and ENTP
personality characteristic testers, similarly testers with personality characteristic ISFJ, INFJ,
ISTJ and INTJ are suitable in executing system testing level than INFP, ISFP, ISTP and INTP
personality characteristic testers.

4.5 Limitations of this Study

This study has potential limitations as dataset is limited and by increasing its frequency can
lead to more appropriate results and more suitability points. Tester’s experience on particular
testing level can also affects its suitability comparison that which personality characteristic
tester performs better at which software testing level.
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5. Conclusion

This study's primary objective was to govern the association among software testing levels
and tester with different personality characteristics, which will show which personality
characteristic testers are appropriate for software testing level. Software testing level-related
tasks should be allocated to related personality characteristic tester. From this research study
it is concluded that testers who have introvert personality characteristic i.e., ISTP, ISFP, INFP,
INTP, ISTJ, ISFJ, INFJ or INTJ are more appropriate for unit testing level as compared to
extrovert personality characteristic except ENFP i.e., ESTP, ESFP, ENTP, ESTJ, ESFJ, ENFJ
or ENTJ. While the testers, who have extrovert personality characteristic i.e., ESTP, ESFP,
ENFP, ENTP, ESTJ, ESFJ, ENFJ or ENTJ are better in performing tasks related to integration
testing level as compared to introvert personality characteristic, similarly, the testers, who have
extrovert personality characteristic i.e., ESTP, ESFP, ENFP, ENTP, ESTJ, ESFJ, ENFJ or
ENTJ are better in performing tasks related to system testing level as compared to introvert
personality characteristic. Further it is also analyzed that testers with personality
characteristics having S (Sensing) dimension are better at executing tasks related to Integration
testing level, means ESTP, ESFP, ESTJ and ESFJ personality characteristic testers are suitable
in executing integration testing level than ENFP, ENTP, ENFJ and ENTJ personality
characteristic testers, similarly testers with personality characteristic ISTP, ISFP, ISTJ and
ISFJ are suitable in executing integration testing level than INFP, INTP, INFJ and INTJ
personality characteristic testers, also it is analyzed that testers with personality characteristics
having J (Judging) dimension are better at executing tasks related to System testing level,
means ENFJ, ESFJ, ESTJ, and ENTJ personality characteristic testers are suitable in executing
system testing level than ENFP, ESFP, ESTP and ENTP personality characteristic testers,
similarly testers with personality characteristic ISFJ, INFJ, ISTJ and INTJ are suitable in
executing system testing level than INFP, ISFP, ISTP and INTP personality characteristic
testers.
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