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ABSTRACT Uncertainties and changes in software requirements have compelled companies to become
more agile in software development projects. To keep pace with the agile environment, companies
incorporate agile software development methodologies into their projects. However, the way that the agile
methodology is implemented may determine the success of the project. This study aims to understand
critical success factors affecting agile projects’ success from the perspectives of agile practitioners. First,
an extensive systematic literature review was conducted with the detailed examination of the Agile
Manifesto, Agile Principles, and Scrum Guide to develop the Agile Software Project Success Model. Second,
refinement of the factors was conducted through one-on-one meetings with six agile practitioners, and then
a group meeting was conducted to reach a consensus on the model. Finally, using IBM Amos 20.0, data
collected from 596 agile practitioners were used to understand the relationships defined in the research
model. Results indicated that all the hypotheses except two of them were supported. Among the factors,
customer factors and agile process factors are the stronger predictors of process efficiency, sustainable
software product quality and stakeholder satisfaction compared to other factors. This study concludes with
the theoretical and practical implications and recommendations for possible future studies.

INDEX TERMS Agile project management, critical success factors, agile project success, risk factors,

structural equation modelling.

I. INTRODUCTION

The project management methodology used in software
development plays a pivotal role in the overall success
of a project. The methodology is generally determined
according to the customers’ requirements and the organiza-
tional context of the company. However, the ambiguity in
software qualifications and quick changes in customer needs
may require software development activities to be faster
and more agile. Therefore, in recent years, agile software
development methodologies have frequently been used to
respond customer and business needs.

Agile software development encompasses a comprehen-
sive array of frameworks and methodologies that are founded
upon the fundamental principles and values outlined in the
Agile Manifesto and Agile Principles [1]. The agile software
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development methodology promises frequent release cycles,
continuous improvement, fast feedback to rapidly changing
requirements, face-to-face conversation, and high-quality
software [2], [3]. Thus, many companies have recently
preferred to use agile software development methodologies
instead of traditional plan-based ones. The recent Standish
Group Chaos report indicates that agile project success rates
are three times higher than those of waterfall projects and
that waterfall projects’ failure rates are two times higher
than those of agile projects [4]. Although agile projects
have higher success rates than traditional ones, understand-
ing agile critical success factors (CSFs) affecting agile
projects’ success is important for the software development
management. CSFs for projects refer to “characteristics,
conditions, or variables that can have a significant impact
on the success of the project when properly sustained,
maintained and managed” [5] (p. 183). “The patterns of
success and failure, often referred to as CSFs, are some
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of the best indicators of the lessons learned, adapted, and
used by software industry today™ [6] (p. 2). When addressed
properly, CSFs significantly increase the likelihood of project
success [7].

Several studies have focused on the success, failure, and
risk factors in agile software development projects, such as
success factors for agile methodologies [6], [8], [9], [10],
[11], [12], [13], [14], [15], [16], risk factors affecting agile
project success [17], [18], and agile failure factors [8], [11].
Although these studies provide insights into the individual
effects of success factors, risk, and failure factors on
project success, the objective of this study is to develop
a comprehensive agile software project success model that
combines agile CSFs with agile project success measures.
To ascertain the critical factors in agile software project
management, a detailed literature review has been conducted.
In contrast to previous studies, the Agile Manifesto, Agile
Principles, and Scrum Guide were examined in detail to
identify significant factors in the application of agile software
development projects. Additionally, the factors were refined
via individual and group meetings with six agile practitioners
working in the software industry. Finally, Agile Software
Project Success Model was developed and tested with a large-
scale survey data collected from 596 agile practitioners. The
developed model can be used by scrum masters, product
owners, developers, and researchers as a reference model to
understand the critical factors affecting agile project success
measures such as process efficiency, product quality, and
stakeholder satisfaction.

The subsequent sections of this paper are structured as
follows. Section II presents the comprehensive review of
current literature on CSFs, and project success measures.
Section III presents research methodologies. Section IV
explains the Agile Software Project Success Model, the agile
success measures, and the agile CSFs. Section V presents data
analysis and results. Section VI presents discussion of results.
In Section VII, research limitations and future research
directions are proposed, and in Section VIII, conclusions are
stated.

II. LITERATURE REVIEW

In the literature review, firstly studies related with CSFs
in agile project management were examined. There is a
comprehensive study related to CSFs for agile projects [6],
[8], [9], [10], [11], [12], [13], [14], [15], [16]. Chow
and Cao [8] composed a preliminary list of CSFs for
agile projects from the literature and then grouped these
factors into five constructs: organization, people, processes,
technical, and project. The effects of agile project success
factors on agile project success were analyzed with data
collected from 109 agile software projects in 25 different
countries. Stankovic et al. [11] used the CSF frame-
work presented by Chow and Cao [8] and analyzed the
effects of CSFs. Ahimbisibwe et al. [12] extracted a total
of 37 CSFs from the literature for software development
projects and categorized these factors into three groups:
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customer, organizational, and team factors. Subsequently,
they developed a contingency fit model of the CSFs to
compare traditional project management methodologies with
the agile ones. Ahimbisibwe et al. [14] used the contingency
fit model presented by Ahimbisibwe et al. [12] to compare
traditional project management and agile methodologies in
terms of CSFs for outsourced software development projects.
Garousi et al. [6] used the same contingency model to evalu-
ate the relative importance of CSFs for the software project’s
success.

A review of the literature on CSFs reveals that, in some
studies, the CSFs were limited to specific constructs, such
as organizational and people-related factors [9]; people,
process, and technology-related factors [13]; success factors
to develop green and sustainable software using agile
methodologies [15]; the effect of client involvement [19];
the quality-related factors on the agile development pro-
cess [16]; and people-related factors [20]. Misra et al. [9]
defined success factors associated with the adoption of agile
software development practices, focusing on organizational
and people-related factors. Silva and Santos [13] grouped
CSFs for agile software projects into people, process, and
technology constructs. Each construct was explained with a
set of CSFs. Rashid and Khan [15] focused on the green and
sustainable software development using agile methodologies
for software development vendors operating on a global
scale. Perera and Perera [19] investigated the effect of
client involvement such as client communication level, client
collaboration on agile project success. Arcos-Medina and
Mauricio [16] conducted a systematic literature review on
quality in the agile development process to determine critical
success measures, quality attributes, and agile practices.
Tam et al. [20] focused on people-related factors affecting
the agile software development project success, such as
customer involvement, training and learning, societal culture,
team capability, and personal characteristics. Although these
studies [6], [8], [9], [10], [11], [12], [13], [14], [15], [16],
[19], [20] provide a comprehensive list of success factors
for agile projects, we propose an Agile Software Project
Success Model that explains the relationships between
agile CSFs and software project success measures from a
comprehensive perspective. Furthermore, in addition to the
literature review, the Agile Manifesto, Agile Principles, and
Scrum Guide were examined in detail to reveal possible
factors not mentioned in the literature. The model and the
factors were validated by agile practitioners working in
the software development industry. Therefore, the current
study contributes to the literature by constructing a model,
while grouping agile critical success factors into customer
factors, team factors, organizational factors, agile process
factors, technical factors, and project factors (agile risk and
failure factors), agile project success measures were grouped
into process efficiency, sustainable software product quality,
and stakeholder satisfaction. Furthermore, the relationships
defined in the model were tested and validated by collecting
data from 596 agile practitioners. The participants also come
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from many different countries, had different working models
such as remote work, hybrid work, and office-based work
and had diverse IT job titles including developers, business
analysts, testers, and others, as well as different levels of
experience.

Furthermore, in the development of complex systems, the
lack of risk identification process is one of the primary rea-
sons for project failure [21]. Therefore, risk and failure factors
significantly affect the success of software development
projects. In previous studies, risk factors and their effects
on software development projects were examined [17],
[18], [22], [23], [24]. The studies of Shrivastava and
Rathod [17], [18] obtained a set of risk factors influencing
the performance of distributed agile software development
projects and developed a risk management framework. Chow
and Cao [8] and Stankovic et al. [11] examined not only
agile CSFs but also the main causes of software project
failures. In the present study, agile project risk factors and
failure factors are considered as possible determinants of
project success measures together with customer factors,
team factors, organizational factors, agile process factors, and
technical factors.

Ill. RESEARCH METHODOLOGY

In this study, the systematic literature review (SLR) approach
proposed by Kitchenham and Charters [25] was used to
improve the quality of the literature review process and to
standardize it. First, research questions related to the area of
interest were formulated. Then, data sources, search criteria,
and article selection process were applied to determine
the CSFs, project success measures. The enhancement of
the factors was conducted a meticulous process through
one-on-one meetings with six practitioners well-versed in
agile methodologies. Subsequently, a group meeting was
convened to attain a unanimous agreement on the conceptual
model. Ultimately, the dataset derived from 596 agile
practitioners by survey was used, thereby elucidating the
relationships delineated within the research model. The
research methodology used in the current study is shown in
Figure 1.

A. RESEARCH QUESTIONS
According to Kitchenham and Charters [25], “SLR is a sys-
tematic method for identifying, evaluating and interpreting all
currently available research relevant to the particular research
question(s) or area of interest.”” The research questions of the
present study focused on determining and categorizing agile
CSFs, project risk factors, project failure factors, and project
success measures:

RQ1. What are the CSFs of agile software projects?

RQ2. What are the success measures of agile software
projects?

RQ3. To which constructs do the CSFs belong?

RQ4. To which constructs do project success measures
belong?
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B. DATA SOURCES

The SLR was conducted using the following digital library
sources: ScienceDirect, IEEE, Springer, Wiley, and Emerald.
Academic journals and conference articles were considered
in the selection process. It covered all related articles
published from 2000 to 2021. The end date was set to October
29,2021, for SLR. After SLR, the data collection phase of the
survey spanned approximately one calendar year. Meanwhile,
a continuous literature review endured, meticulously reading
over, and analyzing publications from 2022 and 2023, thereby
ensuring the incorporation of contemporary literature.

C. SEARCH CRITERIA

Having a search criterion for the SLR was essential for the
next phases. The search string format was created using
the main terms of the research questions. The search string
used in this study was as follows: ((agile OR scrum) AND
software) AND (“‘project success” OR ‘“critical success
factor” OR “project failure” OR “‘project risk”).

D. ARTICLE SELECTION PROCESS

The search string was used in the article selection process.

In the first step, 3702 articles were extracted from selected

database sources. In the second step, the inclusion/exclusion

criteria were applied by reading the titles, abstracts, introduc-

tions, and conclusions. The inclusion criteria were as follows:
eArticles written in English.

eArticles published between 2000 and 2021.

eArticles available online.

eArticles that mention/describe CSFs in agile software
projects or in a general context.

eArticles related to academia and industry.

eArticles that include an empirical, theoretical, or expert
opinion on success factors and success measures in software
development

The exclusion criteria were as follows:

eArticles not related to software development (e.g.,
application of Kanban boards in the manufacturing industry).

eShort articles (less than six pages).

By applying these criteria and selection based on title,
abstract, introduction and conclusion, the number of articles
was reduced to 133. After thoroughly reading these 133 arti-
cles, 27 articles were shortlisted. Six articles were added
based on internet searches and the references of shortlisted
articles. Finally, 33 articles were identified via the article
selection process, which are presented in Appendix A (SLR1-
SLR33). Table 1 presents the distribution of the selected
articles.

IV. AGILE SOFTWARE PROJECT SUCCESS MODEL

The Agile Software Project Success Model was constructed
based on studies related with agile CSFs, and project
success measures. Furthermore, the Agile Manifesto, Agile
Principles, and Scrum Guide were examined in detail to have
a better comprehension of the usage of agile methodologies.
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Developing the initial
version of an Agile
Software Project Success
Model by Systematic
Literature Review

Examining the Agile
Manifesto, Agile
Principles, and Scrum
Guide

FIGURE 1. The research methodology.

TABLE 1. Distribution of the selected articles.

Potentially Studies after .
Source eligible primary Sel.ected Ratio

articles elimination articles %)
Science Direct 1050 52 11 33.33
Emerald 1034 30 4 12.12
IEEE 69 14 5 15.15
Springer 1261 19 5 15.15
Wiley 288 20 2 6.06
Snowballing 6 18.18
Total 3702 133 33 100

The Agile Manifesto was used to emphasize agile values,
such as responding to change, customer collaboration,
working software, and valuing individuals and interactions.
Additionally, Agile Principles, events, artifacts, and values
were examined to add additional constructs to a conceptual
model. Thus, agile CSFs, and project success measures of the
Agile Software Project Success Model were identified.

In the second step, one-on-one meetings with agile
practitioners were conducted to have a discuss about the
Agile Software Project Success Model. Participants included
agile practitioners who had worked as a scrum master,
development team members, and product owner. Purposive
sampling was used for the selection of participants, wherein,
the sample complies with the criterion that the subjects are
agile practitioners, who have worked on or are currently
working on agile projects. As suggested by in the study
of Tam et al. [20], six agile practitioners were selected for
meetings. The demographic profile of agile practitioners is
shown in Table 2. At the beginning of the meeting, general
information about the agile practices used by the participants
was obtained. All the agile practitioners applied agile
practices such as agile events, an efficient software testing
process, refactoring activities, a product/sprint backlog,
an agile-friendly progress tracking/controlling mechanism
with burndown charts, and a sprint progress dashboard. Then,
the agile CSFs, and success measures identified through
the prior literature were discussed in detail. The agile
practitioners’ comments about the literature review results
were incorporated into the explanation of the agile CSFs, and
success measures. With the recommendations provided by
the practitioners, minor wording changes to the CSFs, and
success measures were made for better comprehension.
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Developing final Agile
Software Project Success
Model through individual
and group meetings with
six Agile practitioners

Empirical
testing of the proposed
Agile Software Project

Success Model

TABLE 2. The demographic profile of agile practitioners.

Work Agile
Job Role Industry ] .
Experience  Methodologies
Scrum Master ~ Banking Industry 10-15 years  Scrum, Kanban
Scrum Master ~ Aviation Industry 10 -15 years  Scrum
Software . 15 years or
Banking Industry Scrum
Developer above
Software o
Telecommunication 10 -15 years ~ Scrum
Developer
Scrum, Kanban
Product Owner  Consulting Industry 5-10 years
XP, Lean
Business
Stock Exchange 10-15 years  Scrum
Analyst

In the last step, at the group meeting, the group of six agile
practitioners finalized the agile CSFs, and project success
measures in the Agile Software Project Success Model.
The agile practitioners emphasized an agile-friendly progress
tracking/controlling mechanism, simplicity, self-organized
team members, project manager’s experience, customer’s
experience in its business domain, and urgency. In addition,
functional suitability, usability, maintainability, portability
(transferability), performance efficiency, compatibility, soft-
ware reliability, security, and upper management satisfaction
were highly valued by agile practitioners in the group
meeting. Finally, the Agile Software Project Success Model
was constructed, as shown in Fig. 2.

A. AGILE CRITICAL SUCCESS MEASURES FOR SOFTWARE
DEVELOPMENT PROJECTS

The Project Management Institute (PMI) defines project
success in its guideline as the completion of the project
within the agreed time, budget, and scope [26]. These three
constructs are referred to as the “iron triangle.” Chow and
Cao [8] added quality (i.e., delivering good project outcomes)
to the constructs defined by the PMI. Ahimbisibwe et al. [12]
improved the description of project success and included
the reliability, ease of use, overall quality, flexibility, and
functionality of the software delivered, team satisfaction,
upper management satisfaction, and user satisfaction. In this
paper, the agile project success measures were determined
according to the literature review, Agile Manifesto, Agile
Principles, Scrum Guide, ISO/IEC 25010: 2011 quality
model [27], and comments obtained from agile practitioners
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Agile Critical Success Factors

Customer factors
Strong customer support
throughout the project
Good customer relationship
Enhancing customer's
professional capabilities in IT
domain
Customer experience

Team factors
Team members' capability
Team members' experience
Enhancing the professional
capabilities of the team
members via technical trainings
Project manager's knowledge
Project manager's experience
Team members' motivation
Self-organized team members

Organizational factors
Agile-style work environment

Cooperative management style
instead of hierarchical
Organizationally accepted
change management
Well-defined vision and mission
Upper management support

Agile Process factors

Strong communication and
coordination among team
members

Applying Agile-related events
properly

Agile-friendly progress tracking
and controlling mechanism
Right amount of documentation

Technical factors
Efficient software testing
process
Following programming
standards
Refactoring activities
Regular delivery of working
software
The correct choice of tools and
technology
Efficient risk analysis
management
Simplicity

Project factors
Project criticality
Urgency
Technical complexity
Technological uncertainty
Changes in the specifications
Large project size

Agile Project Success Measures

Process efficiency
Finished on time

Finished within the planned
budget
The delivery of the product
within the agreed scope
Sustainable software product
quality

Software reliability
Security
Maintainability
Portability (Transferability)
Performance efficiency
Compatibility
Functional suitability
Usability
The overall quality of software
delivered

Stakeholder satisfaction
Customer satisfaction
Team member’ satisfaction
Upper management satisfaction

FIGURE 2. Agile software project success model.

via one-on-one meetings and the group meeting. The agile stakeholder satisfaction. The agile project success measures
success measures were categorized into three constructs: and the references related with these measures are presented
process efficiency, sustainable software product quality, and in Table 3.
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TABLE 3. Agile project success measures.

Constructs Agile project success measures
Finished on time [6], [8], [11-12], [14], [28-33]
Finished within the planned budget [6], [8], [11-12],

[14], [28-33]

Process efficiency
The delivery of the product within the agreed scope
[11-12], [14], [17], [29-32]

Software reliability [6], [12], [14], [16]

Security [6], [16]

Maintainability [6], [16]

Portability [6], [16]

Performance efficiency [6], [16]

Compatibility [6], [16]

Functional suitability [6], [12], [14], [33-34]
Usability [6], [12], [14], [16]

The overall quality of software delivered [6], [8], [11-
12], [14], [29-31], [33], [35]

Customer satisfaction [6], [12], [14], [28], [30-33]
Team members’ satisfaction [6], [12], [14], [32-33]
Upper management satisfaction [6], [12], [14]

Sustainable
software product
quality

Stakeholder
satisfaction

1) PROCESS EFFICIENCY

In agile project management, the confluence of time, budget,
and scope is essential for assessing success. Navigating
iterative cycles on time, managing resources rigorously
within budget, and remaining responsive to stakeholders
within the agreed scope constitute the cornerstones of agile
project success. In the current study, process efficiency is
explained by three characteristics: finished on time, finished
within the planned budget, and the delivery of the product
within the agreed scope.

Finished on time refers to completing the project on
time by adhering to the project schedule. According to the
literature review, software delivery within the determined
cost, time, and budget is the most cited project success
measure [6], [8], [11], [12], [30], [36].

Finished within the planned budget. Every project begins
with a plan and a budget. However, in many cases, delivering
the project within the planned budget is a considerable
challenge. According to a recent report of CHAOS 2020:
Beyond Infinity, only 35% of projects were fully successful
regarding time and budget [4].

The delivery of the product within the agreed scope refers
to completing the project within the predetermined scope.
The project scope consists of predetermined tasks required to
achieve the project’s goals. Product delivery within the agreed
scope is considered as one of the success measures [6], [8],
[11], [12], [31], [32].

2) SUSTAINABLE SOFTWARE PRODUCT QUALITY

Sustainability of a software product is regarded as a non-
functional requirement in the software engineering literature,
and quality attributes of software products have been
associated with sustainability [37]. In the studies of Condori-
Fernandez and Lago [38], and Condori-Fernandez et al. [39],
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the software sustainability is explained by software product
quality attributes defined by ISO/IEC 25010: 2011 qual-
ity model [27]. In the current study, sustainability of
software product quality is defined by eight characteris-
tics: reliability, security, maintainability, portability, perfor-
mance efficiency, compatibility, functional suitability, and
usability.

The ISO/IEC 25010: 2011 quality model defines software
reliability as the ‘“‘degree to which a system, product or
component performs specified functions under specified
conditions for a specified period of time” [27]. Software
reliability helps to predict the number of defects or faults of
a software product [40]. Reliability is primarily related to the
social and economic dimensions of software sustainability,
such as improving the software usage life span and reducing
support and development costs [37]. Garousi et al. [6] found
that the reliability of the delivered software/service is an
essential project success measure. In the group meeting, all
the participants agreed that software reliability is one of the
project success measures.

System security refers to the ability of the product to
protect itself from intentional or accidental intrusion (i.e.,
the ability to resist attack). The system’s ability to resist
unauthorized access, whether malicious or accidental, defines
software product’s success. Few papers mentioned software
security as a project success measure [6]. A software
developer with 10 years of experience said, ‘“We should
be aware of the possible types of attacks that could be
encountered against infrastructure or services. Furthermore,
we should incorporate the quality attribute of security
into software development phases for sustainable software
product.”

Maintainability is ‘“‘the degree of effectiveness and
efficiency with which a product or system can be mod-
ified by the intended maintainers” [27]. There are three
types of maintenance: corrective, adaptive, and perfective.
Corrective maintenance aims to address system deficiencies
in processing, performance, or implementation. Regarding
adaptive maintenance, the systems must be adaptable to
changes, for instance, upgrades of the operating system. Per-
fective maintenance involves perfecting the system regarding
performance, processing efficiency, or maintainability [41].
Reducing support and maintenance costs, improving the
software usage life span, and enabling the software to
achieve societal needs constantly enhance software sustain-
ability [37].

Portability is “the degree of effectiveness and efficiency
with which a system, product or component can be transferred
from one hardware, software or other operational or usage
environment to another” [27]. If an application can be
migrated to multiple platforms over its lifetime, its useful
life is likely to be extended, and its user base may be
expanded [37], [42]. Portability extends the software and
hardware lifetime, reduces waste, improves the adaptability
of software usage, and increases loyalty and satisfaction of
customers [37]. In the group meeting, one of the experienced
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software developers said, ‘“Some programming languages,
such as C, are relatively portable. Because of the portability
of C language program, some software developers prefer
rewriting and recompiling their programs in C language.”

Performance efficiency is ‘‘the degree to which a
component or system uses time, resources and capac-
ity when accomplishing its designated functions™ [43].
It has three sub-characteristics: time behavior, resource
utilization, and capacity. Performance efficiency reduces
energy consumption, reduces e-waste, and increases software
productivity [37], [38]. An experienced software developer
stated, “To determine the system performance, we can
observe how fast software product responds to user input.
Also, when the system reaches its maximum limit, such as
the number of concurrent users in the system, we can observe
how the system reacts and how the system performs its
functions.”

Compatibility is “the degree to which a product, system
or component can exchange information with other products,
systems or components and/or perform its functions, while
sharing the same hardware or software environment” [27]
(e.g., the compatibility of software with different operating
systems such as Unix, Windows, and macOS). Compatibility
minimizes investment and development costs while also
improving user communication and information exchange
flexibility [37], [38]. An experienced scrum master said,
“Compatibility of the system gives broad information about
product quality. For example, when developing a mobile
application, whether it is compatible with mobile platforms
such as iOS, Android, and others provides information
about the quality of your product. Similarly, if your website
works without problem in different browsers such as Google
Chrome, Firefox, etc., it means your website has cross-
browser compatibility.”

Functional suitability is “‘the degree to which a product or
system provides functions that meet stated and implied needs
when used under specified conditions” [27]. It is divided
into three subcategories: functional completeness, functional
correctness, and functional appropriateness. Functional suit-
ability enables the long-term usage and reduces maintenance
costs [37]. In the studies of Ahimbisibwe et al. [12], [14] and
Garousi et al. [6], functional suitability was identified as a
project success measure. During the one-on-one meetings,
practitioners emphasized that after releasing the product, they
are glad to hear positive responses from the customer about
the functions of the product.

Usability is ‘“‘the degree to which a product or system
can be used by specified users to achieve specified goals
with effectiveness, efficiency, and satisfaction in a specified
context of use” [27]. Design of a product aligned with the
user requirements results in ease of system usages and user
satisfaction eventually. Garousi et al. [6] considered usability
a project success measure. During the one-on-one meetings,
practitioners emphasized that to ensure the usability of the
product, the following questions should have a positive
response: Is it easy to learn how the product works? Is the
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product easy to use? Can different types of people use the
product?

The Overall Quality of Software Delivered: In the project
management triangle, the project’s quality is constrained by
time, budget, and scope. However, system quality represents
amultifaceted and multidimensional construct that affects the
project and product lifecycle [44]. According to the inspiring
previous literature, the overall quality of software delivered
is the most cited project success measure. In numerous
studies [8], [11], [29], [30], [33], [44], [45], the “‘overall
quality of software delivered” was identified as one of the
project success measures.

3) STAKEHOLDER SATISFACTION

The Agile Manifesto states, “Customer collaboration over
contract negotiation” [46]. One of the most important
goals of agile software development is to achieve customer
satisfaction through continuous software delivery. If the
system is useful and trustworthy, customer satisfaction will
be prolonged [38]. According to one-on-one meetings and
the literature [9], [30], [32], customer satisfaction is one of
the most important project success measures.

Team Satisfaction: According to the literature [32], [33],
team members’ satisfaction is considered as one of the project
success measures. The Agile Principle states, ‘“‘Build projects
around motivated individuals. Give them the environment and
the support they need. Trust them to get the job done” [47].

According to one-on-one meetings with the agile prac-
titioners and the literature (e.g., [6], [12], [14]), upper
management satisfaction is one of the important agile
project success measures. It is also critical to provide upper
management satisfaction to gain their support for future
projects.

B. AGILE CSFS FOR SOFTWARE DEVELOPMENT PROJECTS
The agile CSFs, along with the corresponding references
and constructs, are presented in Table 4. The constructs are
defined as the customer factors, team factors, organizational
factors, agile process factors, technical factors, and project
factors.

1) CUSTOMER FACTORS
Agile team members desire strong customer support
throughout the project. Stankovic et al. [11] stated that
having customer support contributes to the success of agile
software development projects, and a lack of customer
commitment was identified as a top 10 risk factor in software
development projects [22]. Agile practitioners emphasized
that customer commitment helps in completing projects
within the agreed time. This view was confirmed by the study
of Yetton et al. [57], who reported that customer support
increases the likelihood of on-time project completion.

A good customer relationship is important for agile
software development projects. The Agile Principles empha-
size the value of good customer relationships, stating that
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TABLE 4. Agile CSFS, along with the corresponding references and
constructs.

CSFs

Strong customer support throughout the project
[6], [8-9], [11-14], [16], [19-20], [34], [44], [48]
Good customer relationship [8], [11], [16], [19],
[49]

Enhancing customer’s professional capabilities
in IT domain [6], [12], [14], [16]

Customer experience in its business domain [6],
[12],[14]

Team members’ capability [8-9], [11], [13],
[16], [20], [44], [48-50]

Team members’ experience with software
development [6], [8], [11-12], [14], [16], [32-
33], [44], [48]

Enhancing the professional capabilities of the
team members via technical training [8-11],
[13], [49], [51]

Project manager’s knowledge [8], [11], [16],
[29]

Project manager’s experience [16], [24], [48]
Team members’ motivation [8], [11], [13], [16],
[50-51]

Self-organized team members [8], [11]
Agile-style work environment [8-9], [11], [16],
[33]

Cooperative management style instead of
hierarchical [6], [8], [11-12], [14], [16], [49]
Organizationally accepted change management
[6], [10], [12], [14-16], [34], [44], [48], [52]
Well-defined vision and mission [6], [10], [12],
[14], [16]

Upper management support [6], [8], [10-14],
[16], [33], [44], [48-49]

Strong communication and coordination among
team members [6], [8-9], [11-15], [34], [51-52]
Applying agile-related events properly [8], [11],
[16], [32], [34-35], [49], [52-53]

Agile-friendly progress tracking and controlling
mechanism [6], [9], [12], [14], [35], [48], [53]
Right amount of documentation [8], [11], [15-
16], [35], [52], [54]

Efficient software testing process [8], [11], [13],
[16], [34], [50]

Following programming standards [8], [11],
[13], [16]

Refactoring activities [8], [11], [15-16], [34-35]
Regular delivery of working software [8], [11],
[15-16], [35], [50]

The correct choice of tools and technology [8],
[10-11], [44]

Efficient risk analysis management [8], [11],
[16], [44], [48]

Simplicity [8], [11], [13], [15-16]

Project criticality [6], [8], [11-12], [14], [55]
Urgency [6], [12], [55]

Technical complexity [6], [12], [14], [22-24],
[28], [55]

Technological uncertainty [6], [12], [14], [22-
23], [28], [33], [55-56]

Changes in the specifications [6], [12], [14],
[16], [22-23], [49]

Large project size [6], [12], [14], [17-18], [23]

Constructs

Customer factors

Team factors

Organizational
factors

Agile process
factors

Technical factors

Project factors

“Business people and developers must work together daily
throughout the project” [47]. The relationship between
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customers and software development team members is
important for project success [8], [11], [49], [54].

Enhancing the customer’s professional capabilities in
the IT domain. According to Misra et al. [9], openness
to share information and lifelong learning of project team
members and customers increase the likelihood of agile
software development practices being successful. Further-
more, technical knowledge of customers increases their level
of interest in the software development process and their
willingness to support development team members. This CSF
is also supported by the literature [6], [9], [12], [14] in which
customer training and education are considered as success
factors for software development projects.

The customer’s experience in its own domain is important
for completing the project on planned time and within the
agreed budget. Customers that are experienced in the relevant
domain may precisely define the requirements of the product
and counteract unpredictable changes. One of the experi-
enced software developers in the group meeting mentioned
that ““A customer who is experienced in his own business
domain prevents us from wasting too much time on details,
by accurately expressing business requirements. Experienced
customers provide accurate feedback throughout the entire
software process and help to complete the project within
the planned budget. User acceptance testing process is very
important in the agile software projects, and experienced cus-
tomers help us to develop a more successful software product
thanks to rigorous user acceptance testing.” Furthermore,
previous studies confirmed the positive relationship between
customer experience and project success [6], [12], [14].

Thus, the hypotheses are given as follows:

H1: Customer factors positively affect the process effi-
ciency.

H2: Customers factors positively affect the sustainable
software product quality.

H3: Customers factors positively affect the stakeholder
satisfaction.

2) TEAM FACTORS
The project team should comprise people having a sufficient
capability, regarding technical, managerial, and vocational
skills, to achieve project success. The importance of team
members’ capabilities for project success has been confirmed
by several studies [8], [44], [48], [49], [50], [54]. Addition-
ally, team members’ incapability (e.g., insufficient vocational
skills) is mentioned as a risk factor for organizations [22].

The literature also reveals that there is a relationship
between team members’ experience with software devel-
opment and software project success [8], [10], [44], [54],
[58], [599]. Successful projects require dedicated staff with
experience and skill during product release [44]. Agile
methodologies need experienced team members who adapt
easily to changes.

Enhancing team members’ professional capabilities via
technical training increases the likelihood of software
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project success [8], [48]. Formal or informal technical
training is essential for team members because of rapid tech-
nological changes. Agile methodologies emphasize agility
and continuous learning. Therefore, informal training is
preferred over cumbersome and long-term training. The
adoption of agile methodologies entails the dissemination
of tacit knowledge among the team members via strong
communication [9].

In the study of Stankovic et al. [11], project manager
knowledge was classified under the team capability, as the
manager is considered as one of the agile team members.
Project manager’s competence and knowledge are considered
as success factors for software development projects [8],
[11], [29], [48], [54]. One of the experienced software
developers underlined the importance of project manager
knowledge in a one-on-one meeting: “It is not enough for
the project manager to have only technical knowledge. The
project manager should be familiar with the organization’s
policies and practices. The project manager should, in fact,
follow the project processes from beginning to end and
have sufficient technical and domain knowledge to foresee
procedures that are likely to cause bottlenecks. The project
manager should motivate and direct team members with his
knowledge.”

The project manager’s experience is crucial in software
development projects. A lack of knowledge and experience
may cause project failure [29]. For a successful project,
managers should be able to handle stress, manage people, and
commit time for the project and should have problem-solving
and communication skills in the relevant domain [54].

One of the Agile Principles is team members’ motivation.
“Build projects around motivated individuals. Give them
the environment and support they need, and trust them to
get the job done” [47]. Motivated team members influence
agile software projects’ success [8], [11]. Similarly, Fatema
and Sakib [51] reported that working with motivated
people enhances team effectiveness. One practitioner said
that “The software industry is very stressful by nature;
therefore, the motivation of the employees should be high
to work efficiently and to finish tasks within the planned
time. The upper management and the human resources
department should take responsibility for ““soft factors™ such
as communication between the team members and motivation
among employees. They should find a better way to increase
employee motivation in place of just giving promotions or
salary arrangements.”

Self-organized team members are important according to
the Agile Principles, “The best architectures, requirements,
and designs emerge from self-organizing teams” [47]. There
is a pull system among self-organized team members instead
of a push system. The team members decide what is the best
for their work, rather than ordering tasks outside the team.
They do not need command and control relationships as in the
waterfall approach [60]. Coherent, self-organizing teamwork
is considered a significant CSF that increases productivity
and encourages learning [8], [11].
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Thus, the hypotheses are given as follows:

H4: Team factors positively affect the process efficiency.

HS: Team factors positively affect the sustainable software
product quality.

H6: Team factors positively affect the stakeholder satisfac-
tion.

3) ORGANIZATIONAL FACTORS

Agile-Style Work Environment: The Agile Manifesto states,
“The most efficient and effective method of conveying
information to and within a development team is face-to-
face conversation” [47]. Numerous articles mentioned co-
located team members as a success factor for agile software
development projects [8], [11], [58]. With the COVID-19
pandemic, the working style of companies has changed.
Many companies adopt a hybrid work model. Integrating both
working in an office and working in remote settings has the
potential to heighten employee motivation and engagement
to an organization [53].

Cooperative Management Style Instead of Hierarchical:
Organizations that apply agile software development should
adapt quickly to changes [9]. A cooperative management
style, rather than a bureaucratic management style, should
be used to create an organization that embraces change.
Chow and Cao [8] and Stankovic et al. [11] also proposed
a cooperative management style as a CSF for agile software
development projects.

Organizationally Accepted Change Management: The
Agile Principle states, “Welcome changing requirements,
even late in development. Agile processes harness change for
the customer’s competitive advantage” [47]. The organiza-
tionally accepted change management strategy may induce
development team members to adapt to changes easily.
In many studies, change management was considered as a
project success factor [10], [15], [44], [48].

Well-Defined Vision and Mission: The vision guides the
future of the project and the company, and the mission
describes the aim of the company. Yeo [56] found that
ambiguous business needs and an unclear vision are among
the top five failure factors. A scrum master with 15 years
of experience said, “When an employee realizes that the
company’s mission is in line with his own, that employee
tries to perform better, and employee commitment to
the company increases. Furthermore, a visionary software
developer chooses the right tools and technology before the
project starts. This reduces the potential financial losses and
the complexity that team members must deal with.”

The literature suggests that upper management support is
a success factor for software development projects [6], [10],
[12],[33], [48], [49]. Conversely, a lack of upper management
support is a risk factor [22], [51], [61], [62]. Projects cannot
be completed successfully unless the software development
team has upper management support [44].

Thus, the hypotheses are given as follows:

H7: Organizational factors positively affect the process
efficiency.
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HS: Organizational factors positively affect the sustainable
software product quality.

HO: Organizational factors positively affect the stakeholder
satisfaction.

4) AGILE PROCESS FACTORS

Strong communication and coordination among team
members enhance information sharing and collaboration
within team members and help to prevent team conflicts [12].
Their positive effect on project success has been confirmed
by several studies [8], [11], [15], [51], [63]. Furthermore,
the Agile Manifesto emphasizes communication and coor-
dination among team members, stating, ‘“Individuals and
interactions over processes and tools” [46]. Scrum events and
pair programming in agile processes enhance communication
and coordination and lead agile team to have a better plan and
software design, better code, and better debugging [64].

Applying Agile-Related Events Properly: There are five
main events in the agile-style software development process:
sprint, sprint planning, daily meetings, sprint review, and
sprint retrospective. Each sprint can be considered a project
with a duration no longer than one month [65]. Agile
estimation techniques are used during sprint planning.
Planning poker, t-shirt size estimation, dot voting, and the
bucket system are agile estimation techniques [66]. Daily
meetings support strong communication among users and
developers [8], [11]. Mann and Maurer [67] reported that
daily meetings keep customers updated and prevent customer
confusion regarding the software development. Similarly,
Cohn and Ford [68] highlighted the importance of daily
meetings. A sprint review is a type of meeting held at the
end of each sprint. The team members present their work
results to key stakeholders and discuss progress toward the
product goal. The sprint retrospective meetings help team
members to understand what was done right/wrong and what
can be done better in the next sprint. This improves the
product quality and productivity [69]. All the participants
in the group meeting emphasized that applying agile-related
events properly increases efficiency and productivity.

An agile-friendly progress tracking/controlling mech-
anism ensures that the project is completed on schedule
and within the planned budget. Scrum artifacts include the
product backlog, sprint backlog, and increment for tracking
and controlling the project. The product owner and agile
team members must know the progress of each artifact. The
progress of each artifact can be measured: “For the Product
Backlog it is the Product Goal. For the Sprint Backlog it
is the Sprint Goal. For the Increment it is the Definition of
Done” [65].

Right Amount of Documentation: The Agile Manifesto
states, ““Working software over comprehensive documenta-
tion” [46]. Agile methodologies require less documentation
than traditional project management methodologies. How-
ever, in one-on-one meetings, agile practitioners stated that
during the COVID-19 pandemic period, remote working
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conditions necessitated more documentation than before,
because tacit knowledge transfer was difficult. They noted
that it would be helpful to create other documents rather than
only using the code to keep pace with changing requirements.

Thus, the hypotheses are given as follows:

H10: Agile process factors positively affect the process
efficiency.

H11: Agile process factors positively affect the sustainable
software product quality.

H12: Agile process factors positively affect the stakeholder
satisfaction.

5) TECHNICAL FACTORS

An Efficient Software Testing Process: Inadequate software
testing may cause software projects to fail [50] and is a risk
factor for agile projects [17]. Therefore, efficient software
testing before release and deployment of the product is
crucial. The agile testing quadrants describe different types of
testing approaches [70]. Quadrant 1 covers unit/component
tests. Component testing is generally executed by the soft-
ware developer who wrote the code to reduce risks and detect
and prevent defects in the component. Quadrant 2 includes
business-facing tests such as functional tests, story tests,
prototypes, examples, and simulations. Quadrant 3 includes
tests to determine whether the working software satisfies
business requirements. User acceptance testing, usability
testing, and exploratory testing are such examples. Quadrant
4 covers non-functional tests (e.g., performance testing and
load testing) to evaluate non-functional requirements of a
system or component [43].

Following Programming Standards: Development team
members should follow standardization and best practices.
Following a standard architecture [36] and following well-
defined coding standards [8], [11], [13] are CSFs. Following
coding standards help development teams to develop simple
software programs. Programming standards may serve as a
guideline for the development team members. When coding
standards are followed, software product maintenance is easy
because developers can understand code and modify it at any
time.

Refactoring activity is an agile practice and involves
improving the code structure and the software quality [71].
Code refactoring activities aim to improve non-functional
attributes, such as the design, structure, and implementation
of software, while maintaining product functionality. Refac-
toring activities are intended to guarantee the attainment
of optimal outcomes and accommodate any modifications
in project requirements [8], [11]. The effect of refactoring
activities on agile project success is confirmed by the
literature [8], [11], [15].

Agile methodologies focus on regular delivery of working
software for agile projects’ success [8], [11]. The delivery
strategy is mentioned in the first and third Agile Principles:
“continuous delivery of valuable software” and “deliver
working software frequently” [47]. Without continuous
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delivery of valuable products, code integration and testing
activities become more difficult [72]. Regular release dates
with short iterations, continuous integration, and suitable test-
ing activities can prevent risks in system release management
and deployment [17].

The Correct Choice of Tools and Technology: Agile
Principles state that development team members should focus
on having the right technology and design to develop software
with a rapid response capability [10]. The correct choice of
tools and technology was identified as an agile CSF in several
studies [8], [11]. It is important for the project team members
to employ appropriate technologies, and tools for agile
practices, such as tools facilitating iterative development, and
processes supporting refactoring activities [8].

Efficient Risk Analysis Management: The evaluation
of risks through risk analysis involves quantifying their
frequency of occurrence and the magnitude of potential
losses [73]. Risk management involves ‘“‘coordinated activ-
ities to direct and control an organization with regard to
risk” [74] and risk analysis assessments. Risk management
reduces uncertainty and increases the likelihood of software
development project success [75]. It is important to evaluate
risks, measure their probabilities of occurrence, and deter-
mine their potential effects on the project [76]. Use of sprints
in agile methodologies supports risk management because
sprints enhance predictability through regular inspection and
adaptation, enabling progress towards the product goal [65].
Project risk analysis is a success factor for agile software
development projects [8], [11].

The tenth principle of the Agile Manifesto is “Simplicity—
the art of maximizing the amount of work not done — is
essential” [47]. Simplicity refers to keeping the design and
code as simple as possible. In a simple design, duplicate code
is avoided [77]. Team members try to develop a software
product that is easy to understand and satisfies require-
ments [15]. Examples of simplicity include working software
over comprehensive documentation (Agile Manifesto), use of
the Gherkin language for a user story (agile practice), backlog
refinement (agile practice), and keeping the code and design
simple via refactoring and pair programming (agile practice).
Pursuing a simple design increases the likelihood of agile
project success [8], [11], [15].

Thus, the hypotheses are given as follows:

H13: Technical factors positively affect the process
efficiency.

H14: Technical factors positively affect the sustainable
software product quality.

H15: Technical factors positively affect the stakeholder
satisfaction.

6) PROJECT FACTORS

A risk factor is delineated as a condition that may influ-
ence the successful completion of a software development
project [78]. Through automated testing, usage of short
iterations, embracing continuous integration, prioritizing
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feature-driven development, and various other procedural
approaches, agile methodologies strive to mitigate software
development risks. However, the persistent challenge of
project failure or the possibility of exceeding budget and
schedule remains an ongoing concern [79]. Herein, risk
factors and failure factors are denoted as project factors,
in accordance with the study of Ahimbisibwe et al. [12].
Six project factors were identified through the literature
and meetings with the agile practitioners, as shown in
Table 4: project criticality, urgency, technical complexity,
technological uncertainty, changes in the specifications, and
large project size.

The project criticality is an essential driver for many
decisions. For a more critical project, it is more important
to mitigate risk by using appropriate techniques, tools, and
methods [80]. In several studies, project criticality was
identified as a factor affecting project success [6], [12], [55].
Test driven development, right amount of documentation, pair
programming, refactoring activities, appropriate technical
training, following coding standards, and good communi-
cation between customer and team members are important
activities for mitigating the risks associated with project
criticality.

Urgency influences the relationships between CSFs and
the attainment of project success [6], [12], [55]. A critical
project with high urgency may reduce motivation among team
members. Furthermore, in the group meeting, all practitioners
stated that urgency places pressure on team members while
they make a decision or handle a problem. Applying agile-
related events properly, strong customer support and strong
communication and coordination among team members may
be helpful to reduce the possible risks of urgency.

Technical complexity is associated with the number of
components developed, the use of new technology, and
the difficulty of integration. The complexity of information
technology systems influences project success and the quality
of products [6], [24]. The successful completion of a
project may be affected if its complexity is not sufficiently
evaluated and addressed [81]. Technical complexity requires
knowledgeable team members and as the level of technical
complexity increases, team members’ degree of control
over the project may decrease. With the escalating levels
of intricacy and interconnectedness exhibited by evolving
systems, agile methodologies become more useful [82].
Some agile practices may be useful to deal with the
technical complexity, such as pair programming, refactoring
activities, following standards, and applying agile-related
events properly.

Technological uncertainty is an important risk factor
for software development processes. It is generally because
of a lack of experience and technical knowledge of team
members. Ahimbisibwe et al. [12] found that technological
uncertainty affects the strength and/or direction of the
relationship between CSFs and software project success
measures. Appropriate technical trainings, more experi-
enced team members, and retrospective meetings may be
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effective activities to manage the risks of technological
uncertainty.

Changes in the Specifications: Scope creep stands out as
an important factor in the failure of software development
projects. Effectively handling and overseeing the elements
of change within a project, specifically pertaining to the
project’s scope, emerges as a fundamental factor for project
success [83]. Although agile methodologies accept changes
in requirements, changes may cause deviations in the project
scope, time, and budget and considered as a risk factor
for software project management [22], [23] and project
success [6], [12]. To reduce the potential risks arising from the
frequent changes in the specifications, agile team may apply
test driven development and refactoring activities to monitor
project progress.

Large Project Size: An agile team typically consists of
no more than 10 members. Studies indicated that team size
growth is a risk factor for project success, particularly for
distributed agile projects [17], [18]. The agile methodologies
require strong communication among team members. As the
number of team member increases, communication and coor-
dination problems may occur. Furthermore, tacit knowledge
transfer among team members may be difficult.

Thus, the hypotheses are given as follows:

H16: Project factors negatively affect the process effi-
ciency.

H17: Project factors negatively affect the sustainable
software product quality.

H18: Project factors negatively affect the stakeholder
satisfaction.

V. EMPIRICAL ANALYSIS OF AGILE PROJECT

SUCCESS MODEL

A survey questionnaire was prepared to test Agile Software
Project Success Model, shown in Figure 2. Each construct
in the model was defined with several items from the
literature [6], [11], [14], [27], [44]. In the questionnaire,
a total of 48 items that measure agile CSFs and agile
project success measures was prepared and all the items
are given in Appendix B. The final questionnaire includes
two sections. The initial section included questions related
with the demographics of the respondents (e.g., regarding the
agile methodologies used, industry, the work model (onsite,
remote, or hybrid), working country and job responsibility in
the project (e.g., scrum master, product owner)). In the second
section, the perception of the respondents about CSFs and
software project success measures were asked on a seven-
point Likert scale, with 1 indicating strongly disagree to
7 indicating strongly agree.

The target population for the current study includes the
agile practitioners. To initiate this study, ethics approval
was obtained from Istanbul Technical University Social and
Human Sciences Human Ethics Committee (project number:
262, date: 2022.06.16). Before the application of large-scale
survey, a pilot test was conducted with 20 agile practitioners
to finalize the survey. After finalizing the questionnaire,
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a total of 596 questionnaires were collected from agile
practitioners.

According to the demographic profiles, a large portion
which is 73.32%, of the respondents are working in Turkey.
The respondents working in the industry of banking and the
stock exchange comprises nearly half of the respondents.
Furthermore, a high portion (68.12%) of the respondents
use scrum as an agile methodology. The details of the
demographic profiles are given in Table 5.

In the analysis of the collected data, first explanatory
factor analysis was performed to reveal the factor structure
of the model. Then structural equation modeling approach
with a two-step procedure was applied. The confirmatory
factor analysis was performed to validate the model and the
relationships defined in the Agile Software Project Success
Model was tested with structural model.

A. EXPLORATORY FACTOR ANALYSIS

An exploratory factor analysis (EFA) with Principal com-
ponent analysis and Varimax rotation was performed to
determine the underlying factor structure. IBM SPSS Statis-
tics software version 28 was used to analyze the data.
First, The Kaiser-Meyer-Olkin (KMO) test was conducted to
decide whether the data is appropriate for EFA. KMO value
was found to be 0.91, which is greater than the threshold value
of 0.90 [84]. Furthermore, Bartlett test result was significant
(p<.001), showing adequate correlations [85].

The results of EFA showed that a total of nine factors with
eigenvalues greater than 1 was revealed with a total variance
explanation of 66.14%. The number of factors was same
as the number of factors in Agile Software Project Success
Model. Only three items (‘ORG4’, ‘TEAM4’, ‘TEAMY’),
item loadings lower than 0.60, were drawn from the items
list. Furthermore, all Cronbach’s alpha values were greater
than the threshold value of 0.70, indicating the adequate
reliability [86]. The final item list with their corresponding
constructs is shown in Appendix C - Table 9.

B. CONFIRMATORY FACTOR ANALYSIS
CFA was conducted to examine reliability and validity of the
9 constructs, described by 45 items. IBM AMOS 20.0 was
used for the analysis. The initial analysis of CFA revealed that
model fit values, as shown in Appendix C - Table 10, achieved
acceptable values. The division of x? value to degrees
of freedom, root-mean-square of approximation (RMSEA),
goodness-of- fit index (GFI), adjusted goodness-of-fit index
(AGFI), normed fit index (NFI), and comparative fit index
(CFI) were examined according to the recommendations
of Hair et al. [87]. All the values are within acceptable
levels [88], [89], [90], [91], [92], [93], [94], suggesting that
the model demonstrated good model fit to the data.
Furthermore, the convergent and discriminant validity
of the constructs were also examined. Convergent validity
was tested through standardized factor loadings, composite
reliability (CR), t-values, and average variance extracted
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TABLE 5. Demographic profiles of the respondents.

Country Turkey UK Germany Other
(%) 73.32 13.76 6.21 6.71
Industry Banking Stock Exchange Software Marketing/Retail Manufacturing Aviation Other
(%) 30.70 18.96 15.44 7.05 4.87 4.36 18.62
Job Role Developer Business Analyst Scrum Master Project Manager Product Owner Tester
(%) 37.08 17.79 17.62 11.74 8.72 7.05
EX:?:;;:;% 0—2 years 2 — 5 years 5—10 years 10 -15 years 15;‘::;{2 or
(%) 12.92 32.55 38.09 14.77 1.68
Work Model Hybrid On-site Remote
(%) 48.83 28.52 22.65
Me th?)%itifogies Scrum Kanban XP Lean
(%) 68.12 29.36 2.01 0.50
TABLE 6. Estimation of the structural model. recommended values [88], [89], [90], [91], [92], [93], [94],
i suggesting that the model fits to the data.
Process S:;}:lezle Stakeholder According to the results, the model presented the substan-
efficiency  product quality  S*sfetion tial variance in process efficiency (R = 0.51), sustainable
R (%) 051 039 051 software product quality (R*> = 0.39), and stakeholder
Customer factors 027" 030" 0.38" satisfaction (R> = 0.51). A total of 18 hypotheses were
Team factors 0.27%* 0.09* 0.27** tested and two hypotheses were rejected. Table 6 shows
Org’f’:cif:r“:’“a' 0.10% 0.02 0.10% the results with the path coefficients and their significance
Agile process factors 0.36™ 041" 0.33" levels.
Technical factors 021" 012" 0.05 The results showed that cu.stomer factors, team factors,
Project factors o 16" o019 agile process factors, and project factors were found to be

*: p<0.05; **: p<0.01.

(AVE), as shown in Appendix C - Table 11 and Table 12.
All CR values were greater than the 0.70 threshold, showing
that the internal consistency in the model is adequate [95].
At the 0.95 confidence level, all the item t-values were
greater than the critical value of 1.96 [96]. Furthermore, AVE
values surpassed the threshold of 0.50 [97], [98]. Thus, the
convergent validity was confirmed.

Discriminant validity was assessed using the Fornell-
Larcker criterion in which the square root of the AVE value of
each construct is required to be greater than the correlations
between the construct and the remaining ones [86]. The test
results for discriminant validity are shown in Appendix C -
Table 12, showing that the discriminant validity was achieved.

C. STRUCTURAL MODEL

In the structural model, the effects of each agile critical suc-
cess factors (customer factors, team factors, organizational
factors, agile project factors, technical factors, project factors)
on each agile project success measures (process efficiency,
sustainable software product quality, stakeholder satisfaction)
will be analyzed. First, the fits statistics of the research model
was tested. The results showed that all the fit-indices, the
absolute fit indices (RMSEA = 0.04, GFI = 0.88, and AGFI
=0.86), incremental fit indices (NFI = 0.88 and CFI = 0.94),
and Chi-Square/degrees of freedom (at 1.85), are within the
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significant predictors of the agile project success in terms
of process efficiency, sustainable software product quality,
and stakeholder satisfaction. Agile process factor is the
strongest predictor for sustainable software product quality
with a coefficient of 0.41 (p < 0.01), compared with team,
customer, organizational, technical, and project factors. This
shows that the availability of strong communication among
team members, applying agile-related events, agile-friendly
progress tracking/controlling mechanism, and right amount
of documentation enhance sustainable software product
quality. Similarly, customer factor is a strong predictor
for stakeholder satisfaction, sustainable software product
quality, and process efficiency with a coefficient of 0.38,
0.30, 0.27 (p < 0.01), respectively. Developing customer
relationships, enhancing customer experience, prioritizing
customer support, and providing adequate training may help
to accomplish project success.

The effect of technical factors on stakeholder satisfaction
was found to be insignificant with a coefficient of 0.05
(» > 0.05). Although technical factors aim to enhance
code quality and maintainability, their direct relationship
with stakeholder satisfaction may be difficult to establish.
Similarly, the effect of organizational factors on sustainable
software product quality was found to be insignificant with
a coefficient of —0.02 (p > 0.05). While organizational
factors help establish a supportive culture and structure, the
actual quality of software products may depend on technical
competencies, daily operational practices rather than on
overarching organizational factors.
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A total of 6 constructs, comprising ‘“‘customer factors”,
“team factors™, “‘organizational factors”, ‘‘agile process
factors™, “technical factors™, and ‘““project factors”, explains
the 51% total variance of process efficiency. Furthermore,
“customer factors”, “team factors™, ““‘agile process factors™,
“technical factors”, and ‘““project factors™ explain the 39%
total variance of sustainable software product quality. Lastly,
atotal of 5 constructs, comprising “‘customer factors”, “‘team
factors™, ‘“‘organizational factors”, ‘“‘agile process factors”,
and ‘“‘project factors”, explains the 51% total variance of

stakeholder satisfaction.

V1. DISCUSSION OF RESULTS

The objective of this study is to determine the CSFs
for the success of agile projects, and to develop an
Agile Software Project Success Model to understand the
relationship between CSFs and software project success
measures. According to the results, agile process factors and
customer factors were found to be the strongest predictor
for sustainable software product quality, outperforming
other factors such as team, organizational, technical, and
project factors. This highlights the importance of effective
communication and coordination, applying agile events,
agile-oriented progress tracking and controlling mechanisms,
and appropriate documentation in enhancing sustainable
software product quality. Agile project factors were also
found to be important predictors for process efficiency, and
stakeholder satisfaction. The research of Chow and Cao [8]
also supports the importance of proper documentation,
progress tracking and controlling mechanisms, and daily
communication in achieving agile software project success.
During meetings with agile practitioners highlighted that
effective communication and coordination play a crucial role
in facilitating cohesive collaboration among team members.
They emphasized the significance of agile events, such as
daily stand-up meetings and sprint retrospectives, as essential
frameworks for iterative development. These events facilitate
interdisciplinary engagement and adaptive decision-making.
Furthermore, agile practitioners underscored the crucial
role of agile-oriented progress tracking and controlling
mechanisms, such as burndown charts and Kanban boards.
That enables project teams to monitor progress, identify
bottlenecks, and proactively manage project dynamics for
successful outcomes.

Customer factors, including customer support, good
customer relationship, customer training in IT domain,
and customer experience has a positive effect on agile
software development project success measures. Based on
the previous literature, customer support is also a significant
contributor to the success of agile software development
projects [8], [9], [12]. Similarly, Jun et al. [63] showed
that customer training and experience play a positive role
in project success. During meetings, agile practitioners
emphasized a strong customer relationship throughout the
project lifecycle as strong customer relationship encour-
ages trust and effective communication. Furthermore, they
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underlined the importance of providing customer train-
ing to guarantee the successful adoption and use of IT
solutions.

Team factors were also found to be significant predictors
for process efficiency, sustainable product quality, and
stakeholder satisfaction. Previous studies have also indicated
that team factors play a significant role in determining the
success of software projects [6], [8], [9], [10], [12], [58],
[59]. Specifically, the capability, experience, and skills of
team members have been shown to have a positive impact
on software project success. This emphasizes the significance
of having a competent and skilled team in place to ensure
successful agile project outcomes.

Organizational factors such as agile style work envi-
ronment, cooperative management style, organizationally
accepted change management, and upper management
support have relatively lower positive impact on process
efficiency and stakeholder satisfaction. Furthermore, the
effect of organizational factors on sustainable software
product quality was found to be insignificant. This shows
that although organizational factors are essential, they might
not distinctly guarantee improved software product quality.
Organizational characteristics offer a conducive atmosphere
for agile practices and help to establish a supportive culture
and structure, the actual quality of software products depends
on other factors such as technical competencies, daily
operational practices, and the adaptability of development
teams. Similarly, Chow and Cao [8] did not find statistical
evidence to support the impact of organizational culture for
agile software project success. The Covid-19 pandemic has
introduced different working models into our lives, and in
the last four years, there has been a rapid adaptation to
remote and hybrid working models. As a result, the effect
of organizational factors on agile project success may have
changed in recent years.

The other finding of the current study is that the technical
factors have positive impacts on process efficiency and
sustainable software product quality. This finding is similar
to the findings of Chow and Cao. In their study, Chow and
Cao [8] provides further evidence on the significance of
software testing process, programming standards adherence,
refactoring activities, simplicity, and regular delivery of
working software in attaining agile software project success.
Meetings with agile practitioners underlined the significance
of software testing processes in project management, the
importance of adhering to rigorous programming standards
and refactoring activities to provide software quality, main-
tainability and minimize technical dept. However, the effect
of technical factors on stakeholder satisfaction was found to
be insignificant. This shows that while technical factors like
system performance or code quality are crucial components
of software development, their direct effect on stakeholder
satisfaction may not be immediately apparent. Customers and
upper management may prioritize visible product improve-
ments. Furthermore, adopting cutting-edge technologies may
not always result in enhanced customer satisfaction if the new
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TABLE 7. Success factors of the agile project.

Constructs Abbreviations Survey questions
The agile project team members worked in an agile-style work environment, e.g., proper working place, suitable
ORGNI1 . . . . . . .
environment for remote/onsite pair programming, usage of tools like video talk, desktop sharing, etc. [11].
o ORGN2 L . . .
Organizational ORGN3 There was organizationally accepted cooperative management style instead of hierarchal [11].
factors There was organizationally accepted change management and structure [14].
ORGN4 e . s L
The organizational and project vision and mission were well defined [6], [14].
ORGN5 . .
The project received upper management support [11].
The agile project team members had technical capability [11].
TEAM1 . . . .
TEAM? The agile project team consisted of experienced team members [6], [11], [44].
TEAM3 The agile project team members had appropriate technical training on agile procedures and subject matter [11].
The project manager had a knowledge of agile principles and procedures [11].
Team factors TEAM4 . . . . .
TEAMS The appointed project management had experience to manage the project effectively [44].
TEAMS The agile project team members were highly motivated and committed to success of the project [11].
The agile project team consisted of self-organized team members, e.g., relying on team members who can work
TEAM?7 . . .
together to solve problems and adjust to changing circumstances [11].
The project had strong customer support throughout the project [11].
CUSTI ; . . .
Agile project team members had a good relationship with the customer [11].
Customer CUST2 . . z . . . . .. .
There was appropriate technical training for customers throughout the project, including training on agile
factors CUST3 .
CUST4 procedures and subject matter [6], [11]
The customer’s experience in its own domain was high [6].
The project followed an efficient software testing process for each iteration [11].
TECHI . . .
The agile project team followed a well-defined coding standard [11].
TECH2 . . . RN X . .
TECH3 The agile project team followed refactoring activities to provide optimal results and to adapt well changes in
Technical TECH4 requirements [11].
factors TECHS The agile project team consistently delivered working software in short periods of time [11].
The agile project team followed appropriate platforms, technologies, and tools for agile practice [11].
TECHG6 . . . .
TECH7 The project had up-front risk analysis done and assessed for the use of the agile methodology [11].
The project pursued simple design, e.g., keeping code and design simply, backlog refinement, etc. [11].
The project had strong communication and coordination, e.g., instant communication channels (between agile
AGPF1 team members, between agile team members and upper management, and between agile team members and
. customers), having cycle meetings, etc. [11].
Agile process AGPF2 - . . . . . .
The project applied agile related events properly, e.g., daily meetings, sprint planning, etc. [11].
factors AGPF3 ’ . . . . . .
AGPF4 The project was followed with an agile-friendly progress tracking/controlling mechanism, e.g., product backlog,
sprint backlog, Kanban board, release & iteration burndown chart, etc. [11].
The project had the right amount of documentation for software development [11].
The project had high level of criticality (an example of critical projects is loss of essential monies, in which the
PRIF1 company could go bankrupt due to a defect in the program).
PRIF2 The project had a high level of urgency [6].
Proiect factors PRIJF3 The project had high level of technical complexity [14].
) PRJF4 The project had technological uncertainty, e.g., no established procedures/practices for software development
PRIJF5 meeting the business requirements [14].
PRIF6 Customer requirements identified at beginning of the project quite changed during the project [14].

The number of people on team was large (The agile team typically consists of 10 or less members) [14].

features developed with these technologies do not correspond
to the customer.

Another result revealed that, project factors were found
to have a negative effect on process efficiency, sustainable
software product quality, and stakeholder satisfaction. Agile
practitioners in group and one-on-one meetings have stated
concerns about the negative consequences of technological
uncertainty, technical complexity, urgency, project criticality,
large project size, and changes in specifications in agile
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software project management. Technical complexity presents
obstacles in design and implementation, frequently resulting
in delays and cost increases. Furthermore, the large project
size may cause communication and coordination issues
leading to delays and lost productivity.

The developed model is particularly useful for companies
working on agile software projects to raise awareness. First,
agile practitioners may benefit from using the proposed
model during planning and execution of agile software
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TABLE 8. Perception of success of the agile project.

Constructs Abbreviations Survey questions
Process EFFC1 The project was completed on time [11], [14].
efficiency EFFC2 The project was completed within the planned budget [11], [14].
EFFC3 The project was completed within the agreed scope [11], [14].
The project was successful in terms of software reliability, e.g. The software run without error for a specified
amount of time [14], [26].
The software delivered was considered as successful in terms of security, e.g., the ability of product to protect
QUALI itself from intentional or accidental intrusion [6], [27].
QUAL2 The software was successful in terms of the maintainability, e.g., upgrades of the operating system, correcting
Software QUAL3 implementation failures of the system and etc. [6], [27].
product QUAL4 The system meets users’ intended functional requirements [6], [14], [27].
quality QUALS The project was successful in terms of software performance efficiency [27].
QUAL6 The project was successful in terms of software compatibility, e.g., the compatibility of your website with
QUAL7 different browsers such as Google Chrome, Firefox etc. [27].
QUALS The project was successful in terms of software portability (transferability), e.g., if the effort required to move the
QUAL9 program is significantly less than that required to initially implement it, and the effort is small in absolute terms,
the program is portable [27].
The application developed is easy to use [14], [27].
The project was successful in terms of quality [11], [27].
Stakeholder SATF1 Customgrs were satisﬁed_ with thc_i system deliveret‘l [14].
satisfaction SATF2 The project team was satisfied with the system delivered [14].
SATF3 Top level management was satisfied with the system delivered [14].

projects. Second, agile methodologies draw attention to
customer participation and feedback. Organizations may
establish strong communication channels among stake-
holders, set clear expectations, and control requirements
through priority and backlog management strategies. Third,
according to the Agile Manifesto, “working software over
comprehensive documentation” [46] enhances efficiency.
On the other hand, having a well-documented project history
may be difficult during knowledge transfer and maintenance.
To reduce this risk, organizations may use the right amount of
documentation. Critical project artifacts may be developed to
balance the necessity for documentation. Fourth, enhancing
the professional capabilities of team members and customers
through training is critical in managing risks and resolving
the limits of agile techniques. Team members, stakeholders,
and upper management may understand agile concepts and
practices through training. Therefore, organizations should
encourage employees to attend training, workshops, and
conferences. Fifth, the sixth principle of the Agile Manifesto
emphasizes the importance of face-to-face conversation for
effective information conveying within a development team.
However, the working style of companies has recently
changed because of the COVID-19 pandemic. The “agile-
style work environment” factor emphasizes that information
can be conveyed efficiently and effectively using the right
methods and tools in a remote work environment.

VII. RESEARCH LIMITATIONS AND FUTURE STUDIES
This study encompasses several limitations that must be
acknowledged. First, all agile practitioners that attended
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one-on-one and group meetings work in companies from
Turkey. Different country profiles of the agile practitioners
may contribute to the current study. Second, the results of
the survey data do not comprise all agile methodologies
such as Lean, XP. Only 15 survey participants used Lean
and XP methodologies in their projects reported. Because
most of participants used Scrum and Kanban, there is a
bias toward Scrum and Kanban in the data reported. Third
limitation is about sectoral differences in which most of
the respondents come from finance related industry and
answered the questionnaire according to financial-related
agile projects done.

As a further study, more data may be collected from agile
practitioners working with different type of agile project
management approach to have a more comprehensive under-
standing about the effects of CSFs on agile project success
measures. Similarly, to understand the sector differences
such as financial, marketing, or other sectors, more data
may be gathered to see sectoral differences in agile project
management approach. Second, a detailed study may be
conducted to enhance literature about sustainability in agile
project management and software product quality. Third,
the explained variances for process efficiency, sustainable
software product quality, and stakeholder satisfaction were
51%, 39%, and 51%, respectively. Although these findings
are encouraging, additional factors may be examined to
reveal their effects on project success measures. Fourth,
risk and failure factors were incorporated into the current
study. However, more detailed study may be conducted to
enhance the literature about potential challenges, such as

VOLUME 12, 2024



B. Binboga, C. Altin Gumussoy: Factors Affecting Agile Software Project Success

IEEE Access

scalability issues or difficulties in maintaining agility as the
project scales, are meticulously addressed through strategic
planning and continuous refinement of agile practices. Fifth,
qualitative approaches, such as in-depth interviews and case
studies, may be used in the upcoming studies to completely
capture the depth of insights that may not be entirely captured
by quantitative analysis alone.

VIil. CONCLUSION

In this study, the Agile Software Project Success Model,
derived from a systematic literature review for last 24 years,
agile practitioners’ input through one-on-one and group
meetings, and empirical analysis, identifies critical success
factors and complex relationships specific to agile software
development and management. Agile critical success factors
were defined with the “Customer factors’, “Team factors™,
“Organizational factors”, “Agile Process factors”, ‘“Tech-
nical factors” and ‘“‘Project factors”. Furthermore, agile
project success measures were defined with the “Process
efficiency”, “Sustainable software product quality”’, and
“Stakeholder satisfaction’. In contrast to previous studies,
this study emphasizes empirical validation and practical
applicability, providing a valuable tool for researchers and
practitioners. The study presents an achievement in the field,
combining theoretical insights with practical knowledge and
filling a substantial gap in agile project success management.
It highlights the significance of understanding the factors in
the success of agile projects. The current study is a useful
guide for researchers in academia and agile practitioners for
the success of agile projects.
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TABLE 9. Standardized item loadings, variance explained, and cronbach’s alpha values.

Standardized Variance

Standardized Variance

Standardized Variance

Constructs Items Item Explained Cronbach Constructs Items Item Explained Cronbach Constructs Items Item Explained Cror:lbach
Loadi (%) Loadi (%) Loadi (%)
Customer ggglé 8;5 Agile process 285; 8;3 Process EFFCI 0.77
factors CUST3 0.78 6.08 0.83 factors AGPF3 0.76 393 0.82 efficiency E££g§ 83(5) 476 0.84
CUST4 0.80 AGPF4 0.78 .
TEAM: 037 ORGNL—— 0.79 SATFI 0.73
Team —1p M3 0.77 7.01 085  Organizational ORGN2 0.76 6.04 08y  Stakeholder —g)\op) 0.79 473 0.83
factors factor ORGN3 0.81 satisfaction
TEAM6 0.73 ORGN5 0.80 SATF3 0.74
TEAM7 0.74 :
QUALI1 0.78
TECH1 0.73 QUAL2 0.78
TECH2 0.75 PRIFI 0.75 . QUAL3 0.75
PRIF2 0.79 Sustainable
Technical TECH3 0.73 Project PRIF3 0.75 software QUAL4 081
TECH4 0.77 9.18 0.88 ] . 8.57 0.87 QUALS 0.78 13.83 0.93
factors factors PRJF4 0.76 product
TECH5 0.78 PRIF5 0.74 ali QUALG6 0.79
TECH6 0.79 PRIF6 0476 quality QUAL7 0.78
TECH7 0.76 . QUALS 0.80
QUAL9 0.75
TABLE 10. The model fit statistics of the confirmatory factor analysis.
Fit index Recommended value Observed value Model fitting References
x2/ df <3 1.84 Conform [93]
RMSEA <0.08 0.04 Conform [89]
GFI >0.80 0.88 Conform [91]
AGFI >0.80 0.86 Conform [88], [91], [92]
CFI >0.90 0.94 Conform [87]
NFI >0.80 0.88 Conform [90]
TABLE 11. Convergent validity results.
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Team factors TEAM3 0.75 17.98 8 ’ ’ . . SATF2 0.74 17.95
factor ORGN3 0.73 15.06 satisfaction
TEAM6 0.79 15.35 ORGN5 074 1570 SATF3 0.80 17.78
TEAM7 0.79 18.97 . ’
QUALI1 0.77 20.33
TECHI 0.69 15.22 QUAL2 0.79 20.84
TECH2 0.69 1522 s P o QUAL3 0.77 2027
TECH3 0.67 14.79 PRIF3 0.71 16l46 Sustainable QUAL4 0.79 20.86
Technical factors TECH4 0.74 16.04 Project factors PRIF4 0'72 16.52 software QUALS 0.78 19.42
TECHS 0.75 16.27 PRIFS 0.69 15l85 product quality  QUAL6 0.80 21.17
TECH6 0.77 16.67 PRIF6 0’74 16l99 QUAL7 0.79 21.09
TECH7 0.71 15.50 . ’ QUALS 0.80 21.29
QUAL9 0.74 19.42
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TABLE 12. Discriminant validity results.

2oy 5 £t 3 5 EJH
z o SETE $3 § 3 s 225 £3 5 g3 cE
< ZE55 = ] Fpe <5e& B £ & £E Z2
7" © o= b= < g3
Sustainable software
product quality 0.61 0.93 0.78
Customer factors 0.55 0.83 0.38 0.74
Team factors 0.52 0.84 0.25 0.23 0.72
Organizational factors 0.54 0.82 -0.11 0.04 -0.08 0.73
Agile process factors 0.54 0.82 0.48 0.19 0.22 -0.13 0.73
Technical factors 0.51 0.88 0.1 -0.03 -0.02 0.04 -0.06 0.72
Project factors 0.52 0.87 -0.22 -0.01 -0.09 0.3 -0.11 -0.08 0.72
Process efficiency 0.63 0.84 0.46 0.39 0.41 -0.03 0.46 0.2 -0.32 0.79
Stakeholder satisfaction 0.61 0.83 0.51 0.5 043 0.01 0.45 0.03 -0.21 0.53 0.78

Diagonal values indicate the square roots of AVEs.
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