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Abstract

Agile based software development approach is increasingly gaining much interest among
software practitioners and researchers due to its ability to produce high quality software in
shorter period of time. Even though its importance has been revealed, only few studies were
conducted regarding its current practices in the software industry, particularly in Malaysia.
Thus, an exploratory study was conducted among software practitioners in Malaysia to study
their practices and perceptions on the agile based software development in the real-world
projects. Moreover, the practices were covered in a wider perspective by considering the
software development, management and documentation practices. This paper discusses the
findings from the study, which involved 73 agile practitioners. Structured questionnaire was
used for data collection purpose while statistical methods such as frequency, mean, and cross
tabulation were used for data analysis. Outcomes from this study reveal that the most
implemented agile principles are early delivery and face-to-face communication, whilst the
least implemented is self-organizing team. Additionally, majority of the respondents agreed
that agile based software development practices are important in order to produce high
quality software.
Keywords: Agile based software development practices, exploratory study, software
practitioners in Malaysia

1. Introduction
Agile based software development approach provides ways to develop software faster
based on a set of basic principles: 1) individuals and interactions over processes and tools; 2)
working software over comprehensive documentation; 3) customer collaboration over
contract negotiation; and 4) responding to change over following a plan [1]. It has emerged
due to the problems faced in conventional methodologies which are not flexible in accepting
unstable and volatile requirements. This is because current business environment emphasizes
on faster delivery, low cost and ability to move and change quickly. At the same time, the
produced software is expected to be high in quality. Consequently, nowadays software
developers need to incorporate agility during software development process to fulfill these
needs, as it is aimed to produce higher quality software in a shorter period of time [2,3].
Despite the importance of incorporating agility during software development, only few
studies related to the current industrial practice of agile based software development practices
have been conducted in Southeast Asia region, particularly Malaysia. Most of the other
studies were conducted in Western countries [4]. Moreover, these studies only focus on the
practices of a particular agile method.
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Based on the above limitations, an exploratory study was conducted to investigate the
software practitioners’ practices and perceptions on the software development practices
concerning the agile based software development, by considering the software development,
management and documentation practices. The research questions tried to be answered by
this study are as follows:
1. How far is the software practitioners’ experience in agile based software development
approach?
2. How far do the software practitioners follow the agile principles?
3. What are the agile based software development practices that are important towards
producing high quality software?
4. What are the important characteristics that a team and organization should possess
towards successful implementation of agile based software development?
The following sections are organized as follows: Section 2 provides an overview of the
agile methods and principles, then continued with Section 3 which provides the existing
empirical studies on agile. In Section 4, the research approach is presented, followed by the
findings in Section 5. Section 6 presents the discussions, continued with the limitations and
implications of the study in Section 7. This paper ends with the conclusions in Section 8.

2. Agile Methods and Principles
Currently, there are various agile methods which include Extreme Programming (XP),
Scrum,Adaptive Software Development (ASD), Crystal Methodologies, Dynamic Systems
Development Method (DSDM), Feature-Driven Development (FDD), Lean Software
Development and Agile Modeling (AM).Each of these methods place emphasis on certain
phases and practices in the software development lifecycle.Some focus more on the software
development practices, such as XP and AM, while some on the management of the software
development practices, such as Scrum. The DSDM fully supports the software development
lifecycle and the FDD is more suitable for the requirement specification phase [5].
Nevertheless, these methods have similar values and practices [6], whereby they follow the
12 principles aligned in the Agile Manifesto as listed in Table 1. Moreover, these agile
methods also follow the agilefour values which are individuals and interactions, working
software, customer collaboration and responding to change [1].
Table 1. Agile Principles [1]
No.
1
2
3
4
5
6
7
8
9

86

Principles
Satisfy the customer through early and continuous delivery of valuable software
Emphasize on face-to-face conversation for conveying information to and within a
development team,
Emphasize on simplicity throughout the development process (estimation, design, etc)
At regular intervals, the team reflects on how to become more effective in future
iterations/sprints,
Continuous attention is given to technical excellence and good design,
Deliver working software frequently, from a couple of weeks to a couple of months, with
a preference to the shorter timescale
Working software is the primary measure of progress
The sponsors, developers, and customers maintain a sustainable development
The projects are built around motivated individuals
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10
11
12

Customers work closely with the agile team and are readily available
Welcome changing requirements, even late in development
Self-organized teams (team members make their decisions and plans without depending on
managers)

In this study, the core practices of the agile based software development were derived from
XP, Scrum and AM, as well as the agile principles and values [1]. These methods were
chosen since they are the most popular [5]. In addition, XP and Scrum complement each other,
whereby Scrum focuses on project management and XP focuses on project development [7].
The AM was also referred, as it is claimed to provide a methodology for effective agile
modeling and documentation [8]. By taking these methods into consideration, the practices
are covered from a wider perspective instead of only focusing on the software development
practices.

3. Existing Empirical Studies on Agile based Software Development
There are many studies conducted in the software development area, intended for
investigating the current practices of software development in Malaysian software industry
such as [9-11]. However, only few related studies of the agile based software development
practices in the industry have been conducted in Southeast Asia region, particularly Malaysia
[12-14]. Most of the other studies were conducted in Western countries [15-53]. Dyba and
Dingsoyr [2] have systematically reviewed the empirical studies related to agile that are
available in the literature up to year 2005.
The survey on the state of agile adoption was started by VersionOne [15] since 2006 with
the aim of getting the insight on the status of the agile development adoption and practices. In
2011, 6042 respondents have participated in the survey. Two indications found from the
survey are (i) more than 80% of the respondents were practicing agile, and (ii) the most used
agile methods were Scrum and Scrum/XP hybrid. Questions related to the agile based
software development practices were also included in the survey. The survey concluded that
there was an increased use in Kanban.
Forrester Research conducted a similar survey participated by 1298 respondents of
application development and program management professionals, who were more familiar
with Scrum [16]. The results showed that among the most used agile practices were short
iterations (79%), constant feedback (77%) and daily scrum meeting (71%), while the least
used were test driven development (TDD) (42%) and metaphor (15%). On the other hand,
Salo&Abrahamsson in [17], who have investigated the usefulness of XP and Scrum in the
European embedded software development organizations, found out that open office
workspace (66%), coding standards (60%) and 40-hour week (59%) to be the most used agile
practices. The least practiced were TDD and pair programming. In terms of the Scrum
practices, product backlog and daily scrum meeting were highly considered.
Through an online survey which was participated by respondents from various countries
(e.g., Brazil, United States), Santos et al., [18] studied the perception of software practitioners
on the relationship of agile practices with the quality of software. The findings revealed that
with a bigger number of staff involvements, agile management of the proposed requirements
and code development can lead to a higher software quality. While conducting two case
studies to explore the implementation of agile practices among software practitioners in
Philippines, Sison& Yang [26] indicated that one of the participated organizations
implemented only five of XP practices (coding standards, small releases, simple design,
metaphor, and 40-hour week). Another organization that implemented Scrum appreciated the
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Scrum’s sprint and its sub practices, as well as the daily Scrum meetings because it helped in
improving productivity.
As for Malaysia, Ani Liza and her colleagues [12] investigated on the perception of
software practitioners when adopting agile. In their study, they concluded that agile was still
new and emerging method in Malaysia and the awareness was still low especially within the
government sector. In another study, Ani Liza and her colleagues [13] investigated on the
issues and problems faced by the early agile methods adopters. In their study, they concluded
that social and human were the most important factors in using the agile method, while the
technical factor was less important. On the other hand, Mazni, Sharifah-Lailee and Azman
[14] studied on the impact of agile approach among the software engineering teams in a
computer center in Malaysia. However, in this study, it was found that effective methodology
and organizational culture were two important factors that must be considered in producing
innovative teams and quality software. Table 2 summarizes the main findings of the existing
studies.
Table 2. Summary on Main Findings of Existing Studies
Issues
Most used agile
methods

Most used agile
practices

Least used agile
practices
Benefits of agile

Factors that
influence the
successful
implementation
of agile

88

Descriptions

Authors

Scrum and Scrum Hybrid

[15]

Scrum

[16]

XP

[17]

Short iterations, constant feedback, product owner, daily Scrum
meetings

[16]

Open office workspace, coding standards, and 40-hour week

[17]

Product backlog and daily Scrum meeting

[17]

Coding standards, small releases, simple design, metaphor and
40-hour week

[26]

Sprint and its sub practices, daily Scrum meeting

[26]

The involvement from all parties from the beginning, daily
stand-up meeting, iterative and incremental, applying burn down
chart, sprint and continuous integration

[12]

Test-driven development, system metaphor

[16]

TDD and pair programming

[17]

XP increased good relationship among developers

[26]

Scrum usage has improved their productivity

[26]

Change in mind set of the people in organization

[12]

Social and human factors

[13]

Effective methodology and organizational culture

[14]

Bigger involvement of the staff, agile management of the
requirements proposed and code developed

[18]
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Based on the existing studies discussed, only few studies were conducted among
Malaysian software practitioners regarding agile practices, whereas most of the studies were
performed in the Western countries. In addition, their focus was more on a particular agile
method, such as Scrum or XP, or combination of Scrum and XP. On top of that, the research
on the effectiveness of AM practices is stil scarce [54]. Therefore, in this study, the practices
of agile are considered from wider perspectives, whereby the practices of XP, Scrum and AM
are gathered and mapped to the phases of software development. This is intended to cover the
overall process of software development, including management and documentation.
Additionally, the importance of the AM practices among software practitioners can be
revealed. Section 4 explains about the execution of the study.

4. Research Approach
The study was conducted by using structured questionnaire because of the cost
effectiveness, easiness in doing analysis, wider area coverage and integrity assurance [77].
There were five main activities involved, which started with instrument design, sampling,
pilot study, data collection and data analysis [9]. The instrument was constructed by referring
to the previous works such as [9, 15, 18, 25, 47, 55]. It consisted of 29 questions with sub
questions, organized into two main sections: demographic background and agile based
software development practices. In general, 7-point semantic differential scale ranging from
Unimportant to Very Important was used for most of the questions. Additionally, multiple
responses questions and yes/no questions were also included [56].
In this study, the purposive sampling was used, which involved the selection of unique
sample with specific feature that is important for the study [56]. The sample for this study
was chosen among the software developers in Malaysia. Prior to the real study, a pilot study
has been conducted to confirm the validity and readability of the questionnaire. According to
Teijlingen and Hundley [57], pilot test is very important in investigating the wellformedness
and feasibility of the questionnaire. Thirty two (32) respondents were chosen to answer and
give feedback about the instrument. The respondents include system analysts and
programmers who have at least 3 years’ experience. They gave some suggestions for
improving the quality of instrument, including simplifying the questions to be more readable
and understandable, reducing the number of questions and reorganizing the presentation of
questions. Consequently, the instrument was refined based on their feedback.
To conduct the real study, the researcher contacted the potential respondents through
telephone or e-mail and asked their willingness to participate in the study. The ones
who were willing to participate in the study answered the questionnaire either through
online survey, or email or by hardcopy (sent by post to them). To ensure the validity of
the collected data, the respondents were only chosen among the ones who had basic
knowledge in the agile based software development process. Most of the respondents
were from Kedah, Penang, Kuala Lumpur and Selangor, as these are the places where
software development companies are concentrated in Malaysia [13]. Moreover, these
states have the big software technology parks and International software development
organizations. Data obtained from the exploratory study were analyzed using
descriptive statistical analysis. The analysis is not intended to explain or show causal
relationships between the variables, rather it focuses on describing what proportion of a
sample has a certain opinion or how often certain events occur [58]. Among the
analysis used were frequency, mean and cross tabulation. The SPSS software was used
for this purpose.
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5. The Findings
This section discusses the results obtained from the study. They are presented based on the
items in the questionnaire and the research questions of the study.
5.1. Demographic Data
The respondents were asked about their position and experience in software development.
Cross tabulation analysis is used to classify them, as depicted in Table 3. Most of the
respondents were programmers (43.8%). Out of the 73 respondents, only 12 (16.4%) had
experience more than 10 years, while majority of them had 1 to 5 years experience (52.1%).
Table 3.Respondents’ Experience
Positions

<1 year

Programmers

7 (9.6%)

System Analysts

1 (1.4%)

Project Managers

1 (1.4%)

Quality
Assurance/Testers

0
(0%)
0
(0%)

Team Leaders
Security Advisors

2 (2.7%)
11
(15.1%)

Total

1-5 years
21
(28.8%)
8
(11%)
3
(4.1%)
5
(6.8%)
1
(1.4%)
0
(0%)
38
(52.1%)

6-10
years
2 (2.7%)
7 (9.6%)
2 (2.7%)
0
(0%)
1 (1.4%)
0
(0%)
12
(16.4%)

11-20
years
2
(2.7%)
2
(2.7%)
4
(5.5%)
1
(1.4%)
3
(4.1%)
0
(0%)
12
(16.4%)

Total
32
(43.8%)
18
(24.7%)
10
(13.7%)
6 (8.2%)
5 (6.8%)
2 (2.7%)
73
(100%)

The respondents worked in software development, education/training, service and public
administration, manufacturing, telecommunication, consultation, banking/financial/insurance
or health and social work sector. The information is presented in Table 4. Most of the
respondents were from private sectors (85%), with 52.1% of them from software development
organizations.
Table 4. Classification of Organization Sector
Sectors
Software Development
Education/Training
Service and Public Administration
Manufacturing
Telecommunication
Consultation
Banking/Financial/Insurance
Health & Social Work
Agriculture, Hunting & Forestry
Total

90

Organization Types
Private
Government
38 (52.1%)
0 (0%)
7 (9.6%)
8 (10.9%)
5 (6.8%)
1 (1.4%)
4 (5.5%)
0 (0%)
4 (5.5%)
0 (0%)
3 (4.1%)
0 (0%)
1 (1.4%)
0 (0%)
0 (0%)
2 (2.7%)
0 (0%)
0 (0%)
62 (85%)
11 (15%)

Total
38 (52.1%)
15 (20.5%)
6 (8.2%)
4 (5.5%)
4 (5.5%)
3 (4.1%)
1 (1.4%)
2 (2.7%)
0 (0%)
73 (100%)
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In terms of the size of their companies (Figure 1), 29% of them worked in large companies,
whereby their organizations had more than 250 employees. Similarly 29% of them worked in
small companies which had less than 20 employees.

>250
persons
29%

51-250
persons
22%

< 20
persons
29%

20-50
persons
20%

Figure 1. Number of Employees in Organization
5.2. Software Practitioners’ Experience and Perceptions on Agile based Software
Development
This section presents the results based on the stated research questions.
Research Question 1: How far is the software practitioners’ experience in agile based
software development approach?
• Familiarity with the agile based software development approach
When asked about their experience in implementing the agile based software development
approach, 25% of them mentioned that they have heard about agile but not in depth, while the
rest (75%) were either current member of agile (30%) or currently leading agile team (19%)
or previously were in agile team (16%) or agile coach (10%). Figure 2 shows the related
analysis result.
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Agile coach or consultant
Previously a member of agile team
Currently leading an agile development team
Have heard about it, but not in depth

10%
16%
19%
25%
30%

Current member of agile team

Figure 2. Level of Exposure for Agile based Software Development Approach
They were then asked about their years of experience in the agile based software
development. Majority of them (78%) had experience in the agile based software
development for the period of two years or less, while only 7% had experience in it for five
years or more (Refer to Figure 3).
6-11
>5
years, 7% months, 6
%

3-5
years, 15%

<6
months, 36
%

1-2
years, 36%

Figure 3.Exposure on Agile based Software Development
• The number of team members
Figure 4 depicts the number of team members in the respective respondents’ team. Most of
them worked in a team with less than five members (37%) or five to ten members (34%).

92
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21 to 40
8%

11 to 20
18%

>40
3%

<5
37%

5 to 10
34%

Figure 4.Number of Agile Team Members
• The agile methods being practiced
Figure 5 presents the agile methods that the respondents were familiar with. They were
allowed to choose more than one answer for this question. Most of them were familiar with
Extreme Programming (XP) (52%), followed by Scrum (32%).
60%

52%

50%
40%

32%

30%
18%

20%

10%

10%

Crystal
Family

FDD

7%

10%
0%
XP

Scrum

DSDM

Agile
Modeling

Figure 5. Agile Methods Being Practiced
• Opinion on the importance of incorporating agility in software development to ensure the
quality of software
Regarding their agreement that agility can influence the quality of producing software, 96%
of the respondents answered ‘Yes’. This is in line with the literature, whereby it is widely
discussed and accepted that the agile based software development is essential and should be
included in the current software process as high quality software could be marketed faster in
the most cost-effective manner [60,61]. Additionally, the respondents were also asked about
the benefits that they gained by practicing agility. This question allowed multiple answers.
The results indicate that most of them agreed that agility can enhance the ability to manage
changing requirements (59%), and increase productivity (55%). Figure 6 shows the analysis
result.
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Improved team morale

37%

Reduce cost

37%

Reduced software defects

41%

Accelerate time-to-market

48%

Increase productivity

55%

Enhance ability to manage changing
requirements

59%

Figure 6. Benefits of Agility Practices
Research Question 2: How far do the software practitioners follow the agile
principles?
The respondents were then asked about the frequency of the agile principles being
practiced in their organizations. The 7-point numerical scale [62] was used for this question,
which ranged from Never to Every time. This scale was then mapped to equal intervals, as
depicted in Table 5. The results in Table 6 demonstrate that none of the agile principles was
used ‘Every time’ by the respondents. Nevertheless, majority of the principles were
performed frequently. Only principles 1 to 5 were performed ‘Usually’. This may indicate
that the software practitioners only claimed that they have implemented agile based software
development; however they did not follow the principles all the time.
Table 5.Interval Values
Degree of importance
Never
Rarely
Occasionally
Sometimes
Frequently
Usually
Every time

Interval value
1.00 – 1.86
1.87 – 2.72
2.73 – 3.58
3.59 – 4.44
4.45 - 5.30
5.31 - 6.16
6.17 - 7.00

Table 6. Agile Principles Implementation
Mean

1) Satisfy the customer through early and continuous delivery of
valuable software

5.82

2) Emphasize on face-to-face conversation for conveying
information to and within a development team

5.67

94

DOF
Usually

Agile principles
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3) Emphasize on simplicity throughout the development process
(estimation, design, coding, etc)

5.34

4) At regular intervals, the team reflects on how to become more
effective in future iterations/sprints

5.33

5) Continuous attention is given to technical excellence and good
design

5.32

6) Deliver working software frequently, from a couple of weeks to a
couple of months, with a preference to the shorter timescale

5.30

7) Working software is the primary measure of progress

5.14

8) The sponsors, developers, and customers maintain a sustainable
development

5.12

9) The projects are built around motivated individuals

5.08

10) Customers work closely with the agile team and are readily
available

5.01

11) Welcome changing requirements, even late in development

4.88

12) Self-organized teams (team members make their decisions and
plans without depending on managers)

4.45

Frequently
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Research Question 3: What are the agile based software development practices that
are important towards producing high quality software?
The respondents were further inquired about the software development practices that need
to be performed in order to produce high quality software, concerning the agility practices.
The practices were categorized into requirement engineering, design, coding, testing, project
management and change management. The mean value for each practice is used in the
analysis, as it represents the most selected answers by respondents. The 7-point numerical
scale was used for this question, which ranged from Unimportant to Very Important. The
scale was then mapped to equal intervals, as depicted in Table 7. This is followed by the
mean values obtained by the important practices in each phase of the agile based software
development in Table 8. Outcomes from the study show that mostly these practices obtained
high consideration among the respondents, whereby the mean values are in the range of
Important to Very Important. This shows that they are important practices in producing high
quality software. In addition, it indicates that the opinion of the respondents is aligned with
the literature.
Table 7.Interval Values
Degree of importance (DOF)
Extremely Not Important (ENI)
Not important (NI)
Less Important (LI)
Moderately Important (MI)
Important (I)
Very Important (VI)
Extremely Important (EI)
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Interval value
1.00 – 1.86
1.87 – 2.72
2.73 – 3.58
3.59 – 4.44
4.45 - 5.30
5.31 - 6.16
6.17 - 7.00
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Coding
96

5.51

3. Emphasizing on face-to-face communication

5.51

4. Producing product backlog and iteration backlog for ensuring
the consistency and traceability of requirements

5.42

5. Emphasizing on single source information

5.30

6. Using releases (working software) for validating requirements
at the end of each iterations

5.23

7. The requirements are written on cards in short statements

5.11

8. Enabling development team to re-estimate the time and
velocity (speed of accomplishing tasks) of user stories

5.03

9. Enabling customers to prioritize and reprioritize requirements
throughout the development

4.42

1. Implementing model storming

5.36

2. Creating an initial model at the beginning of iteration

5.27

3. Start designing with simple initial design and integrating it
continuously

5.21

4. Producing just barely good enough artifacts (for situation at
hand only)

5.07

5. Refactoring (reorganize) the design

4.85

6. Using metaphor as architecture of the system

4.64

1.

Delivering the features with high priority first

5.59

2.

Following coding/database/interface standards

5.47

3.

Delivering the software frequently with increments of
features

5.42

4.

Deploying the software gradually in real environment

5.42

(VI)

2. Gathering requirements iteratively and incrementally

(I)

5.58

(MI)

1. Identifying the scope at the beginning of the project to create
initial prioritized stack of requirements

DOF

(VI)

Mean

(I)

Practices

(VI)

Design

Requirement Engineering

Phases

Table 8. Agile based Software Development Practices
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Having customers on-site to get continuous and immediate
feedback from customer for clarification

5.34

6.

Integrating the newly produced code to system baseline
frequently

5.14

7.

Determining code integration strategy and revising it

5.05

8.

Implementing test driven development (TDD): write tests
first, then write the code to pass the tests

5.01

9.

Producing deliverable documentation late

5.01
4.85

11. Implementing pair programming (two programmers working
together)

4.79

12. Giving authority to team members to make changes at any
part of the code

4.77

1. Implementing user interface testing

5.77

2. Using acceptance tests to validate and verify user’s
requirements

5.64

3. Implementing database regression testing

5.51

4. Producing executable specification

5.41

5. Acceptance tests are written or at least modeled by customers

5.26

6. Implementing automated tests

5.23

7. Implementing frequent integration testing

5.23

8. Implementing tests continuously throughout the development

5.18

1. Performing project planning jointly and continuously with
team members

5.41

2. Conducting continuous review meetings at end of each
iteration to demonstrate the latest version of software

5.32

3. Planning and estimating (cost and schedule) are based on
features/ functions/stories of system

5.23
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(VI)

10. Refactoring the code and database

(I)

5.

DOF

(VI)

Mean

(I)

Practices

(I)

Project
Management

Testing

Phases
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97

Mean

4. Revealing the current progress of iteration/sprint everyone on
sprint burn down chart

5.19

5. Carrying out release meeting at the beginning of project to
plan releases

5.18

6. Ensuring that working hours do not exceed 40 hour per week
(no overtime)

5.14

7. Carrying out iteration meeting at the beginning of each
iteration to plan iterations

5.11

8. Conducting retrospective (postmortem) at end of each
iteration to look back what worked well and what need to be
improved

4.81

9. Monitoring customer involvement and end-user in project
activity

4.71

10. Carrying out daily stand-up meetings for daily plan

4.68

1. Controlling changes using product backlog (prioritized user
stories)

5.40

2. Assigning the individual who will be responsible for ensuring
Change Management activities are implemented correctly

5.12

3. Automating the Change Management activities (e.g. building
scripts)

4.99

4. Not allowing changes once an iteration has begin, until the
iteration ends

4.93

DOF

(VI)

Practices

(I)

Change Management

Phases
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Research Question 4: What are the important characteristics that a team and
organization should possess towards successful implementation of agile based
software development?
In addition, the respondents are asked about the team and organizations characteristics that
are important in order to successfully implement the agile based software development. The
7-point numerical scale is used for this question and the interval representation used as in
Table 8. Table 9 shows the team and organizations characteristics and their mean values.

Characteristics

e
a
m

1. Emphasize on face-to-face communication

98

Mean

DOF

5.97

(
V
I)

Types

Table 9. Team and Organizations Characteristics
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Mean

2. The team members consists of people with different functional
expertise

5.96

3. Small sized team

5.60

4. Co-located team

5.23

5. Self-organized team

5.14

1. Encourage customer participation

5.96

2. Provide cooperative
hierarchical

organizational

culture

instead

of

DOF

(I)

Characteristics

5.86

3. Provide facilities with proper agile-style work environment

5.73

4. Ensure that agile way of software development is universally
accepted

5.71

(VI)

Organization

Types
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6. Discussions
As a whole, this study has answered all of the stated questions. Findings from the study
found that majority of the respondents (75%) have had experience in the agile based software
development. This indicates that the agile based software development is increasingly being
implemented by the software practitioners. However, there were still among them who only
briefly heard about it. Furthermore, majority of them worked in small teams, as encouraged
by Scrum, whereby the team members were less than ten (10). This practice is essential for
agile as it involves frequent communication. Having more people will make communication
harder [20, 49]. Furthermore, the result highlights that agile is being implemented not only in
small companies, but also in large companies, as well as small-medium enterprise companies.
The most used agile methods were XP and Scrum, akin to the results obtained in the previous
studies [5, 15, 16, 17, 59]. One of the main reasons is that XP and Scrum complement each
other, since Scrum focuses on project management, while XP focuses on project development
[7]. AM was the least implemented method, although it provides effective way of modeling
and documenting in the agile based software development, as claimed by Ambler [8].
Moreover, majority (96%) of the respondents agreed that agility should be considered during
software development in order to produce high quality software. Among the benefits gained
are enhancing the ability to manage changing requirements, enhancing software quality and
accelerating time-to-market.
Next is about the agile principles implemented. The most implemented agile principles
(achieved ‘Usually’) by the respondents were satisfying customers through early and
continuous delivery of software, emphasizing on face-to-face conversation, emphasizing on
simplicity throughout the development process, enabling the team to reflect on how to
become more effective and giving continuous attention to technical excellence and good
design. While the least implemented was self-organizing team. The respondents performed
the agile practices according to the agile principles, however not constantly. These principles
are essential to be considered by the software practitioners as they are the backbone of the
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agile based software development process. If they are violated, it means that the agile based
software development process is not being implemented properly. Furthermore, this might
cause the agile values are not delivered properly to the customers [79].
Then the discussion is continued with the agile based software development practices. The
agile based software development practices and the characteristics of the agile team and
organization included in the questionnaire have been agreed by the software practitioners as
essential practices that need to be performed towards producing high quality software. As
mentioned before, basically these practices were derived from XP, Scrum and AM, as well as
the agile principles and values in the Agile Manifesto. They are discussed below and
summarized in Table 10.
• Agile Requirement Engineering
Following the agile principles, agile requirement engineering is performed iteratively and
incrementally, in contrast with the conventional software development approach which
emphasizes completed and well-defined requirements up-front [22, 36, 38, 44]. In this way,
the requirements evolve over time throughout the development. Furthermore, agile give
importance on face-to-face communication during the requirement elicitation, with minimal
documentation. These practices are identified as very important practices by the respondents
of this study that aligned with the previous studies by [19, 21, 44], as well as [22].
Furthermore, towards ensuring the consistency and traceability of requirements, the uses of
product and iteration backlog have been agreed by the respondents as ‘very important’.
Similar result is reported in [17]. Additionally, the scope is identified at the beginning of the
project to create initial prioritized stack of requirements, as emphasized by Ambler [8] and
performed by O’Sheedy and Sankaran [23] in their studies.
Moreover, the requirements are gathered with little detail in the beginning of the project
and detailed up during iterations through discussions and negotiations [19]. Additionally, the
developers are able to re-estimate the time and velocity of accomplishing the requirements [8,
63]. In order to verify the requirements and show the progress to customers after completing
each iteration, the working software (releases) are demonstrated to the customers. These
practices have been rated as important agile requirement engineering practices for ensuring
software quality by the respondents of this study. Similar results were obtained in the studies
of [21, 22, 44]. However, even though the studies of Liu, Wang and Gao[44], Ramesh, Lan
and Baskerville [21], and Lan and Ramesh [22] found that the respondents appreciated when
the customers continuously prioritized the requirements, the result of this study is contradict.
The result obtained for this practice is ‘moderately important’.
In addition, emphasizing on the single source information also reduces the maintenance
and traceability burden, as well as increases the consistency [8]. The documentations
produced are minimized by documenting repeating information only once, such as the
business rules. This single source of information can be a reference in producing other
documents, rather than repeating them again and again [8]. However, the importance of this
practice has not been studied previously.
• Agile Software Design
The agile based software development approach emphasizes on simple initial design which
continuously evolve over time, in contrast with the traditional approach which design
everything up-front. Simple design is one of the agile based software development’s success
factors concluded by Rumpe and Schröder, as well as Tsun and Dac-Buu, Sison and Yang
and Tessem in their studies [24, 25,26,27]. Similarly, this practice was rated as ‘important’ in
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this study. Designing in simple way can be accomplished by producing just barely good
enough artifacts/documents. This means to produce documentation for the situation in-hand
only, rather than documenting the whole project. This is done by modeling and documenting
during the iterations. The iteration modeling is implemented during each of the iteration
planning meetings, whereby the requirements selected to be implemented in the particular
iteration are modeled. The detailed modeling is then implemented through model storming for
the in-hand solution before the development. The issues that need to be resolved is identified
and explored together in a small group. During this discussion, the models are sketched on the
whiteboard or paper and made visible to everybody [8]. These practices have not been studied
by previous studies. However, in this study, model storming attained ‘very important’, while
iteration modeling and producing just barely good enough artifacts obtained ‘important’.
Furthermore, refactoring is another important agile design practice. It is a valuable tool that
can be used to improve the software design [25, 28, 29]. This is also agreed by the
respondents in this study. Besides, the importance of metaphor was revealed by the
respondents in Begel&Nagappan [30], as well as the result of this study. Conversely, studies
by Rumpe and Schröder[24] and West and Grant [16] did not support this observation since
this practice was least used.
• Agile Coding
Similar to the requirement engineering and designing, coding in agile is also implemented
iteratively and incrementally. In addition, before starting the coding, all programmers have to
agree upon a set of coding/database/interface standard that everybody will follow during
development. This practice assists in giving better understanding on the code, improves
communication and facilitates maintenance. Studies in [15, 17, 19, 24, 25, 26, 30], indicated
that coding standard is a highly adopted practice among their respondents.
The next practice is about delivering softwarefrequently with features increments. By
doing so, the software can be demonstrated earlier to customers and enable them to review the
software, identify defects and make adjustment for future requirements [64]. This practice has
been considered as very important by the respondents in this study, as well as in the studies
by [24, 25, 26, 33]. This practice is closely related with deploying the software gradually in
real environment, which gained high consideration in study by Williams and Erdogmus [31].
On contrary, in VersionOne’s study [15] this practice was rated as low percentage.
In addition, having customer on-site facilitates in providing continuous and immediate
feedback. It is one of the essential agile principles and has high influence on the success of
agile [16, 25, 27, 37, 47, 65]. It denotes that customer should be a member in the development
team so that the uncertainties can be cleared as soon as it occurs [64]. This is contradicting to
the traditional software development approach, whereby the customers typically involved
during the initial requirements elicitation. Only towards the end they will then give their
feedback on the developed software [65]. Customer involvement has also been identified as
an important practice in [12, 25, 27]. On contrary, study by Rumpe and Schroder [24]
concluded that on-site customer was least implemented and hard to be performed.
Delivering features with high priority is one of the agile principles. It can ensure that most
of the important business values are to be delivered first [39]. This agile principle is highly
considered among the respondents in this study. Moreover, study by [33] concludes that it is
one of the factors that influence the success of the agile implementation. Moreover, deploying
the software gradually in the real environment reduces the risk of deploying all at once.
Furthermore, the feedbacks can be obtained earlier [66]. All of the previously discussed
coding practices obtained ‘very important’ for this study. The practices which obtained
‘important’ are discussed next.
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Agile emphasizes collective code ownership, whereby all programmers in a team are
empowered to make any changes to any part of the code they are working on. This practice
gained high consideration among the respondents in this study. Even previous studies by [17,
19, 24] provide the same report. Moreover, pair programming is one of the most accepted and
succeeded practices in the industry and academic. The most significant result is improvement
in the quality of design and code, as reported by [30, 59, 67, 68]. This practice encourages
two programmers to work together when accomplishing their tasks which enable them to
transfer their knowledge as well as to review the code permanently [59]. Studies by [19, 24,
27, 30, 59, 68] found out that pair programming is among the beneficial agile practices.
Conversely, studies by VersionOne and Salo&Abrahamsson [15, 17] found that this practice
is rated as the least practiced. Although the respondents of Schindler [59] practiced pair
programming, they did not use it regularly. They usually used it based on demand especially
for complex code or debugging.
Test driven development (TDD) is a critical practice in producing high quality software
[67]. The developers create the unit tests before writing the production code. Many studies
have proven its ability to produce high quality software, such as Huang and Holcombe, Gupta
and Jalote, and Desai and Janzen [69, 70, 71]. Meanwhile, Sanchez, Williams and Maximilien
[72] stated that the complexity of code and design is reduced with this practice. Similarly,
Desai and Janzen [71] reports the same in their study. Study by [19, 34, 35, 72, 78] signified
that the TDD is an important practice, while studies by West and Grant, Salo and
Abrahamsson, and Begel and Nagappan [16, 17, 30], gave contradict reports.
Continuous integration of source code to the system baseline has been found as an
important practice in [15, 16, 17, 19, 24, 30]. By performing this practice, compatibility
problems can be detected or avoided earlier [38]. In fact, the definition and revision of the
code integration strategy has been included in the CMMI Version 1.3 [36], which indicates it
as an important practice.
By practicing refactoring on code and database, the software will be easier to be
understood, helps in finding bugs and performing program faster. The refactoring focuses on
the internal code restructuring (attributes and methods) across existing classes, without
changing its external behavior [29]. Moser and his co-researchers [28] pointed out that
refactoring increases the software quality as well as improves the productivity. Additionally,
this practice gained high consideration in study by Ambler [34]. On the other hand, Alshayeb
[37] indicated that refactoring does not influence the quality (adaptability, maintainability,
understandability, reusability, and testability) of the developed software. As for this study,
refactoring is highly considered.
As agile involves frequent changes, the production of the deliverable documentations is
deferred to the end of development. The documents are created just before delivering the
software. In preparing documentation, this can be risky because the earlier details of the
requirements or design might change [8]. However, the importance of this practice has not
been studied in previous studies.
• Agile Testing
The agile testing practices attained either ‘very important’ or ‘important’, which indicates
that the practices are important towards producing high quality software. Testing in the agile
environment is done continuously throughout the development, as reported by [15] and [44].
It involves frequent unit, system integration, user interface, database regression, and user
acceptance. This differs to the conventional approach which conducts testing after the
implementation stage. Database regression testing attained high importance in the study of
Ambler [34], while user interface tests was emphasized in studies by VersionOne [15] as well
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as [44]. Furthermore, the integration testing must be done frequently as performed by the
respondents in [24, 25, 33].
Moreover, the user acceptance tests are written by the customers to assure that the systems
fulfill their needs, as reported in [22, 39]. In cases where the customers do not have technical
knowledge, the developers will help the customers in writing the acceptance tests. Referring
to the study by Lan and Ramesh [22], the acceptance tests acts as a mechanism to validate and
verify user’s requirements. In addition, agile also emphasizes on automating these tests. This
practice gained high consideration by the respondents in this study, as well as studies by [15,
19, 38, 44]. The well-written tests act as executable specification. For instance, unit test is a
portion of technical documentation and acceptance test is part of requirement documentation
[8]. However, the importance of this practice has not been studied for the real world
implementation.
• Agile Project Management
Project management in agile is different than that in the conventional software
development approach. The project management consists of three planning levels which
obtained high consideration in previous studies; release plan, iteration plan [26] and daily
plan [16, 17, 26, 40]. These planning are done iteratively and collaboratively, rather than
planning the whole project up-front, as reported in [22, 44]. A study by Tessem [27] indicates
that conducting these planning leads to better estimation of the work size. However, in Salo
and Abrahamsson [17], the collaborative planning was rated as low. Additionally, the agile
project management emphasizes on the sprint review and retrospectives which are held at the
end of a sprint [22, 42]. The retrospective was found to be more beneficial when applied to
small teams, participated by the whole team and when the comments are recorded [20].
Similarly, Sison and Yang concluded that retrospective is important [26]. Additionally, Sliger
and Broderick [74] explained that the planning must be done according to the
features/requirements. However, the importance of this practice has not been studied before.
In addition, the progress of the team should be revealed in an open space so that everyone
is aware of the current progress of the project. This practice gained high consideration in this
study, as well as in the studies by [15, 16, 19]. At the same time, the working hours should
not exceed 40 hours in a week to ensure productivity. This practice obtained high
consideration among the respondents not only in this study but also in Rumpe and Schroder,
Salo&Abrahamsson, and Sison and Yang [17, 24, 26] studies. Furthermore, the involvement
of customers and end-users is monitored by the management, as agile enforces their
collaboration with the development team [36, 74].
• Agile Change Management
Since agile involves a lot of frequent changes, the changes need to be adapted, rather than
controlling them. Thus, change management and traceability is imperative [75]. Furthermore,
a particular individual who will be responsible in managing the changes must be identified
[36]. To enable the change management activities to be more efficient, the change
management activities are automated. For example, the use of automated tool for scripts
creation. In order to avoid scope crepe, the changes are controlled by monitoring the product
backlog and by restricting changes once the iteration starts [8, 42]. However, previous studies
that studied about the importance of these practices are hardly found.
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• Team Characteristics
It is widely accepted that software development processes is highly influenced by the team
performances, as it involves human interactions. This is same with agile based software
development approach, whereby emphasis is given on individuals and interactions, as well as
customer collaboration and responds to changes, as opposed to the individual role assignment
implemented in the traditional software development approach [65]. The respondents were
asked about the characteristics that should exist among the team and the support that should
be given by organization in order to successfully develop high quality software. The
important factors that need to be considered in order to achieve high performance teams are
through feedback and communication [76]. Therefore, agile stresses face-to-face
communication and this practice was reported as beneficial in studies of [22, 39, 43, 44, 45].
In order to make these possible, the team must be small sized, as concluded by O’Sheddy and
Sankaran [23] in their study. However, study by Misra and his colleagues reported as opposed
[47]. Furthermore, they should be placed at the same workplace area. This is essential for
intense interaction and knowledge sharing [49]. It is also agreed that team members must
have high competence and expertise [25, 48, 49]. On contrary, collocated team was found as
not beneficial in [47]. Furthermore, in agile, the self-organized team is essential because it
can make decisions and plans without depending on managers [1, 25, 73, 74]. This practice
has been identified as able to influence the team effectiveness [25, 33, 50].
• Organization Characteristics
Organization plays an important role in enabling the implementation of agile based
principle on the team [13, 14, 25, 47, 53]. The organization must provide agile based
environment throughout the organization by providing cooperative organizational culture
instead of hierarchical, encouraging face-to-face communication, ensuring that the agile way
of software development is universally accepted and offering facilities with proper agile-style
work environment [25, 51]. In relation to the previous studies [13, 25, 49, 51, 52, 53] this
study also indicates that these are the important practices.

Requirement Engineering

Phases

Table 10.The Agile based Software Development Practices
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Previous
studies

Agile based Software Development Practices

1. Gathering requirements iteratively and incrementally

[19, 21, 22,
44] (+)

2. Emphasizing on face-to-face communication

[19, 21, 22,
44] (+)

3. Identifying the scope at the beginning of the project
to create initial prioritized stack of requirements

[8, 23](+)

4. Producing product backlog and iteration backlog for
ensuring the consistency and traceability of
requirements

[17] (+)
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Agile based Software Development Practices
5. Using releases (working software) for validating
requirements at the end of each iterations

[21, 22, 44]
(+)

6. Enabling development team to re-estimate the time
and velocity (speed of accomplishing tasks) of user
stories

[21, 22, 44]
(+)

7. Emphasizing on single source information

[8](+)

8. The requirements are gathered with little detail in the
beginning and detailed up during iterations

[19](+)

9. Enabling customers to prioritize and reprioritize
requirements throughout the development

[21, 22, 44]
(+)

1.

Implementing model storming

Design

2. Start designing with simple initial design and
integrating it continuously
3. Refactoring (reorganize) the design
4. Using metaphor as architecture of the system

[8](+)
[24, 25, 26,
27](+)
[25, 28, 29](+)
[30] (+)
[16, 24] (-)

5. Creating an initial model at the beginning of iteration

[8](+)

6. Producing just barely good enough artifacts (for
situation at hand only)

[8](+)

1. Following coding/database/interface standards

Coding

Previous
studies

2. Delivering the software frequently with increments of
features
3. Having customers on-site to get continuous and
immediate feedback from customer for clarification
4. Delivering the features with high priority first
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[15, 17, 19, 24,
25, 26, 30](+)
[24, 25, 26,
33](+)
[12, 25, 27]
(+)
[24] (-)
[33](+)
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Previous
studies

Agile based Software Development Practices

[31](+)
5. Deploying the software gradually in real environment
[15](+)
6. Giving authority to team members to make changes at
any part of the code

7. Implementing pair programming (two programmers
working together)

[17, 19, 24](+)
[19, 24, 27, 30,
59, 68](+)
[15, 17](+)

8. Implementing test driven development (TDD): write
tests first, then write the code to pass the tests

9.

[19, 34, 35,
72, 78] (+)
[16, 17, 30]
(-)

Integrating the newly produced code to system [15, 16, 17, 19,
24, 30](+)
baseline frequently

10. Determining code integration strategy and revising it

[36](+)

11. Producing deliverable documentation late

[8](+)
[28, 29, 34]
(+)

12. Refactoring the code and database

[37] (-)
1. Using acceptance tests to validate and verify user’s
requirements

Testing

2. Implementing user interface testing

[15, 44] (+)

3. Implementing database regression testing

[34](+)

4. Producing executable specification

[8](+)

5. Implementing automated tests
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[22](+)

[15, 19, 38,
44](+)
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Previous
studies

Agile based Software Development Practices
6. Implementing tests continuously throughout the
development
7. Implementing frequent integration testing

[24, 25, 33](+)

8. Acceptance tests are written or at least modeled by
customers

Project Management

1. Performing project planning jointly and continuously
with team members

Change
Management

[15, 44] (+)

[22, 39] (+)
[22, 44] (+)
[17] (-)

2. Conducting continuous review meetings at end of
each iteration to demonstrate the latest version of
software

[22](+)

3. Carrying out release meeting at the beginning of
project to plan releases

[26] (+)

4. Carrying out iteration meeting at the beginning of
each iteration to plan iterations

[26] (+)

5. Carrying out daily stand-up meetings for daily plan

[16, 17, 26,
40] (+)

6. Planning and estimating (cost and schedule) are
based on features/ functions/stories of system

[38] (+)

7. Conducting retrospective (postmortem) at end of
each iteration to look back what worked well and
what need to be improved

[20, 26] (+)

8. Monitoring customer involvement and end-user in
project activity

[36](+)

9. Ensuring that working hours do not exceed 40 hour
per week (no overtime)

[17, 24, 26](+)

10. Revealing the current progress of iteration/sprint
everyone on sprint burn down chart

[15, 16, 19](+)

1.

Controlling changes using
(prioritized user stories)

product

backlog

2. Not allowing changes once an iteration has begin,
until the iteration ends
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[8, 42](+)
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Previous
studies

Agile based Software Development Practices
3. Assigning the individual who will be responsible for
ensuring Change Management activities are
implemented correctly

[36](+)

4. Automating the Change Management activities (e.g.
building scripts)

[36](+)
[22, 39, 43, 44,
45] (+)

1. Emphasize on face-to-face communication

[46] (+)

Team

2. The team members consists of people with different
functional expertise

[47] (-)
[23] (+)

3. Small sized team

[47] (-)
[25, 48, 49]
(+)

4. Co-located team

[47] (-)
5. Self-organized team

[25, 33, 50](+)

Organization

1. Encourage customer participation
2. Provide cooperative organizational culture instead of
hierarchical
3. Provide facilities with proper agile-style work
environment

[13, 25, 49, 51,
52, 53](+)

4. Ensure that agile way of software development is
universally accepted
Indicators: (+): High importance, (-): Low importance

7. Limitations and Implications of the Study
This study used the purposive sampling which identified the agile software practitioners in
Kedah, Penang, Kuala Lumpur and Selangor. There were a limited number of respondents
(only 73 agile software practitioners participated). Therefore, a broad generalization cannot
be made for Malaysia as a whole. Additionally, the results are bound to be affected by the
current knowledge of the respondents, their subjective opinions and very narrow point of
view from each respondent. This is because each of them has different knowledge, experience
and backgrounds.
However, the results of this study are expected to give significant interest to the researcher
community by providing an understanding about the implementation of agile principles and
practices in the software industry. On top of that, the adoption of agile among the software
practitioners is revealed.
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8. Conclusion
This paper has addressed the following research questions:
1. How far is the software practitioners’ experience in agile based software development
approach?
2. How far do the software practitioners follow the agile principles?
3. What are the agile based software development practices that are important towards
producing high quality software?
4. What are the important characteristics that a team and organization should possess
towards successful implementation of agile based software development?
For the first research question, it is found that the agile based software development is
increasingly being implemented by the software practitioners in Malaysia (75%). However,
there are still among them who have only briefly heard about it. This study concludes that the
most used agile methods are XP and Scrum, while AM is the least implemented method.
Furthermore, majority (96%) of the respondents agreed that agility should be considered
during software development in order to produce high quality software. Among the benefits
that they gained are enhancing the ability to manage changing requirements, enhancing
software quality and accelerating time-to-market.
The second research question was addressed by revealing that the twelve agile principles
were either ‘Usually’ or ‘Frequently’ performed by the respondents. None of them achieved
‘Everytime’. This shows that agile principles were implemented by the respondents, but not
constantly. This might cause the agile values are not delivered properly.
By answering the third and fourth research questions, it can be concluded that majority of
the agile based software development practices and the characteristics of the agile team and
organization included in the questionnaire have been agreed by the software practitioners as
essential practices that need to be performed in order to produce high quality software.
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