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ABSTRACT

Software development is not a smooth process. Many software projects are delayed,
failed, abandoned, or rejected for various reasons. One significant cause of failure
is the neglect of human factors. Contrary to popular belief, software development
is more of a human activity than a purely technical process, involving interactions
between customers and development teams. The Agile Manifesto was a major step
in acknowledging the importance of people in the software development process.

The formation of a cohesive software team underscores the relevance of human
factors. Teams make decisions on many critical aspects of projects. Human interac-
tion within the team is essential for building motivation, trust, communication, and
mutual support, which are key to sound decision-making. To meet customer and
stakeholder expectations, it is important to follow project delivery strategies that in-
volve them throughout the process. Additionally, team managers are responsible for
both the team and the project. Thus, both managers and teams must remain aware
of human factors to ensure project success.

This thesis proposes a research model consisting of five human factors and their
components. Their relative weight and importance in software project success are
analyzed through surveys conducted with software development team members in
Turkey. Two predictive models—Multiple Linear Regression (MLR) and Ridge Re-
gression—are applied to the survey data. The MLR model is preferred due to the
higher score R-squared (R?). The MLR model suggests that ”Project” and ”Man-
agement” are the main factors contributing to software project success, followed by
"Team.” A total of 312 respondents participated in the survey, with 141 completed

responses covering 63 questions.
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OZETCE

Yazilim gelistirme stireci sorunsuz bir siire¢ degildir. Bunun kanit1 olarak, bircok
yazilim projesi cesitli nedenlerle hala gecikmekte, bagarisiz olmakta, terk edilmekte
veya reddedilmektedir. Insan faktorlerinin géz ardi edilmesi, yazihm projelerinin
bagarisiz olmasinin baslica nedenlerinden biridir. Sanilanin aksine, yazilim geligtirme
miisteriler ve yazihim gelistirme ekipleri arasinda gerceklesen tamamen teknik bir
siire¢ten daha cok bir insan faaliyetidir. Agile Manifestosu, yazilim gelistirme siirecinde
insan faktorlerinin 6nemini tanimada 6nemli bir adim olarak goriilebilir.

Uyumlu bir yazilim ekibinin olugturulmasi, insan faktorlerinin énemini vurgular.
Ekipler, projelerin bircok kritik asamasinda ¢nemli kararlar alirlar. Ekip icindeki
insan etkilesimi, motivasyon, giiven, iletigim ve karsilikli destek olugturmak icin hayati
oneme sahiptir ve bunlar, saglikli karar alma stireglerinin anahtaridir. Miigteri ve
paydas beklentilerini kargilamak i¢in, onlari stire¢ boyunca projeye dahil eden teslimat
stratejilerini izlemek de 6nemlidir. Ayrica, takim yoneticileri, ekip ve proje i¢in 6nemli
sorumluluklar tasimaktadir. Bu nedenle, hem yoneticilerin hem de ekiplerin proje
basarisi i¢in insan faktorlerinin farkinda olmalar1 gerekmektedir.

Bu tez, besg insan faktortiinden ve onlarin bilegenlerinden olusan bir aragtirma
modeli onermektedir. Bu faktorlerin yazilim projesi basarisindaki goreceli agirhigi ve
onemi, Tiirkiye’deki yazilim geligtirme ekipleriyle yapilan anketler araciligiyla analiz
edilmigtir. Anket verilerine, Coklu Dogrusal Regresyon (MLR) ve Ridge Regresyon
olmak ftzere iki tahmin modeli uygulanmistir. MLR modeli, daha yiiksek R-kare
(R?) puan nedeniyle tercih edilmektedir. MLR modeli, yazihm proje bagarisina en
cok katki saglayan faktorlerin ”Proje” ve ”Yonetim” oldugunu, ardindan ”Takim”

faktortiniin geldigini 6ne stirmektedir. Ankete 312 kigi katilmig, 141 tamamlanmig



yanit alinmig ve bu yanitlar 63 soruyu kapsamaktadir.
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CHAPTER 1

INTRODUCTION

Numerous software products are integral to our daily lives. They are developed
by teams through many stages, during which software development teams usually
encounter various changes and challenges. Despite these efforts, there is always a
possibility that a project might fail to reach completion. Projects can be rejected,
delayed, failed, or abandoned for various reasons. They contribute to the high failure
rate observed in software projects. This results in a waste of time, labor, and financial
resources.

Critical success factors (CSFs) are defined as ”for any business, the limited num-
ber of areas in which results if they are satisfactory, will ensure successful competitive
performance for the organization.” [1]. In other words, CSFs can be considered the
areas in the organization must focus on achieving successful performance. For exam-
ple, customer involvement is cited as one of the critical success factors for software
projects in some research [2, 3|, especially since it has been given the highest priority
in the Agile Manifesto [4].

One of the primary causes of software project failure is a lack of understanding of
CSFs in software projects, especially human factors. Some researchers draw attention
to this deficiency: according to Nasir and Sahibuddin’s research, CSFs are dominated
by people factors [5]. Ahimbisibwe et al. also highlight that software projects often
fail due to human factors rather than technical ones [6].

This thesis is motivated by the need to research critical success factors in software
projects, focusing on human factors in Turkey through survey research. This study

investigates how team dynamics, management, project strategies, preferred software



methodologies, and customer interactions impact software project success. Thus, the
research model comprises these human-related factors to evaluate their impact on the
success of software projects.

Teams and managers face limitations in terms of resources and time. However,
by prioritizing critical parts of the project and allocating resources and time accord-
ingly, they can significantly improve the outcomes of software projects. This strategic

approach reduces waste of time, labor, and financial resources.

1.1 Software Development Between 1950-2000

The software industry came to be in the mid-1950s and has been in almost constant
development and growth ever since. Software development can be defined as the
process of designing, creating, testing, and maintaining computer software. It has
evolved through many changes and stages to reach its current state today.

In the 1950s, the software industry was mainly for developing projects for gov-
ernments [7]. Semi-Automated Ground Environment (SAGE) is one of the examples
of such projects, which was developed for the U.S. and Canada. It is an air defense
system designed to detect and prevent potential air strikes from enemies [8]. In addi-
tion, the SAGE system was the first extensive computer project developed between
1942 and 1962. According to estimates, there were 1,200 programmers in the United
States at that time. On the other hand, out of the 2,100 total employees in Soft-
ware Development Corporation, 700 were programmers. The Software Development
Corporation was one of the pioneer software companies. In fact, it grew out of the
Rand Corporation, which consisted of engineers working on the SAGE system. After
that, this group of engineers separated and officially became Software Development
Corporation in 1956 [9]. The SAGE program served as a university for programmers.
It can be argued that the SAGE program has played a critical role in the history of

software development [7].



According to Boehm, when he entered the software field in 1955 at General Dy-
namics, the approach was to, ”Engineer software like you engineer hardware” [8]. He
mentioned that everyone at General Dynamics was either a hardware engineer or a
mathematician. They developed software for supporting aircraft or rocket engineer-
ing. Therefore, he referred to the 1950s as a time when ”Software Engineering was
like Hardware Engineering”.

The distinction between software and hardware became more noticeable in the
1960s. Software modification was significantly easier than hardware modification,
which led to the new approach of ”code first, and then fix or make new adjustments
until the user is satisfied.” This ”code and fix” methodology was suitable for its time
[10]. However, it proved inadequate as software projects became increasingly complex
over time.

The term ”Software Engineering” was coined at the 1968 NATO Conference by
Friedrich Bauer. Informally, Margaret Hamilton was the first to use the term ”Soft-
ware Engineering.” She also worked on the SAGE project. Subsequently, she assumed
the lead developer position for Skylab and Apollo, as shown in Figure 1. According
to an unpublished oral history, she used the term ”Software Engineering” to describe
her role in the project in 1963 or 1964. Thus, she distinguished between hardware

and software engineering [11].



Figure 1: Margaret Hamilton poses with the Apollo guidance software

[12]

The software industry initially received limited attention because of its limited
market share in the totality of computer business. Following the appearance of per-
sonal computers in the 1970s, the software industry grew remarkably quickly [7].

As a result, new approaches emerged to adapt to changing circumstances in soft-
ware development. The ”Waterfall” approach, which was popular in the 1970s, follows
a sequential process that includes several consecutive phases. Each step is expected
to be completed in sequence. The prescription is sequential, and while backtracking
to previous steps is possible, it is discouraged and said to incur significant additional
costs. This is implied in the name — while it is possible to go back up a waterfall, its
natural direction is always "down” [13]. However, the Waterfall approach was costly
and involved extensive documentation. According to the survey results conducted in
many organizations, software cost exceeded hardware cost [14]. This outcome set the
stage for trends for the next decade.

In the 1980s, there were no new approaches introduced in software development.

Instead, there was an emphasis on improving productivity in existing methodologies



and finding solutions for scalability problems in software development [8].

In the 1990s, different software development approaches emerged with the in-
creasing popularity of the Internet and the World Wide Web (WWW). Open Source
Software Development is based on a collaborative approach that allows other program-
mers to access licensed source code, and they can fix, analyze, and make changes to
them [15].

The Lean is other of the software development approach in the 1990s. Initially,
Lean, as a manufacturing approach, originated from Japanese manufacturers and, in
particular as a result of innovations at Toyota Motor Corporation [10]. The seven
main bases of Lean manufacturing is optimizing the whole, eliminating waste, build-
ing quality, learning constantly, delivering fast, engaging everyone, and keep getting
better [16]. Subsequently, its principles were applied to software development.

Throughout the years, various software development approaches have emerged.
However, software development projects still have a high ratio of failure. A survey
conducted by The Standish Group in 1994 in the U.S. revealed that only %16 of
software projects were successful, based on data from several thousand IT projects
[17].

Failed software projects not only result in the loss of time and labor but also have
negative economic consequences. Billions of dollars are wasted annually due to failed
software projects [18].

The pace of change in Information Technology (IT) is rapid. Therefore, heavy-
weight software approaches are becoming inadequate. The software development
process has no single, exact cause of failure. Failures can occur in many different
ways and under various circumstances.

Behind the software industry’s failures are some technical problems, business de-

cisions, project management, and human factors [18]. Software development should



not be considered solely as a technical process. It is made by a software team con-
sisting of people with different roles. They develop software based on the customers’
and the users’ requests. In essence, it is made by people and for people.

Thus, in 2001, the Agile Manifesto was released by seventeen people who were
aware of the high failure rate and the importance of human factors in software devel-
opment [4]. They sought to find a solution to the problem in this industry, particularly
by embracing changes in software development. Thus, the Agile Manifesto brought a

different perspective to the history of software development.

1.2 Agile Software Development

Today, the world is changing rapidly. Expecting that software development has re-
mained stable is not reliable. Software development must be dynamic and open to
quick changes, especially with developing technology and changing customer and user
demands. Traditional software development models have become insufficient because
they minimize risk instead of embracing them [6]. Therefore, there is a need for
new perspectives to meet the needs and demands of the industry. Agile software

development (ASD) has made the sector more dynamic and open to quick changes.
1.2.1 Agile Manifesto

According to the Cambridge Dictionary, agile means being able to deal with new
situations or changes quickly and successfully.[19] The software development process
comprises various major and minor changes throughout projects. Many of these
changes also require quick and successful handling.

Plan-driven software development methods were inadequate to meet the problems
that occurred during the project quickly and successfully. To handle and discuss
problems and improvements in software development, people gathered.

As a result, the Agile Manifesto was published in February 2001 by a group of

seventeen individuals at The Lodge at Snowbird Ski Resort in the Wasatch Mountains



of Utah [4].

The Agile Manifesto consists of 12 principles [4].

1.

10.

Our highest priority is to satisfy the customer through early and

continuous delivery of valuable software.

Welcome changing requirements, even late in development. agile

processes harness change for the customer’s competitive advantage.

Deliver working software frequently, from a couple of weeks to a cou-

ple of months, with a preference to the shorter timescale.

Business people and developers must work together daily throughout

the project.

Build projects around motivated individuals. Give them the environ-

ment and support they need, and trust them to get the job done.

The most efficient and effective method of conveying information to

and within a development team is face-to-face conversation.

. Working software is the primary measure of progress.

Agile processes promote sustainable development. The sponsors, de-
velopers, and users should be able to maintain a constant pace indef-

initely.

. Continuous attention to technical excellence and good design en-

hances agility.

Simplicity — the art of maximizing the amount of work not done — is

essential.



11. The best architectures, requirements, and designs emerge from self-

organizing teams.

12. At regular intervals, the team reflects on how to become more effec-

tive, then tunes and adjusts its behavior accordingly.
There are four core values in the Agile Manifesto [4].

1. Individuals and interactions over processes and tools

Individuals and interactions are crucial in software development, as software is
developed by humans for humans. Therefore, agile practices prioritize people

and interactions between humans rather than processes and tools.

2. Working software over comprehensive documentation

The Agile Manifesto promotes limiting documentation to essential levels, as
delivering testable project components more frequently enables faster feedback

and allows the team to respond fast to changes and new requirements.

3. Customer collaboration over contract negotiation

After the Agile Manifesto, customers have become more important in software
development. Customers now play a greater role, collaborating directly with
the team to provide insights and feedback. Customer satisfaction is critical
beyond just meeting contract requirements. Collaboration allows the team to

incorporate customer ideas during the project.

4. Responding to change over following a plan

Agile methodology emphasizes the importance of promptly responding to change,
as software project plans are often unstable and subject to changes during de-
velopment. Adhering strictly to the plan may be unsuitable, and flexibility to
accommodate new requirements are crucial in the Agile software project

lifecycle.



1.3 Agile Frameworks
1.3.1 Scrum

Scrum is one of the agile, lightweight frameworks developed by Jeff Sutherland and
Ken Schwaber [20]. Scrum is widely used in the software industry; its popularity
extends beyond software development. As a result, it has been adopted across various
sectors.

Scrum is characterized by an iterative and incremental process. An iterative
process means developing a product with repeated cycles, and this cyclic process is
known as a Sprint in Scrum software development. Incremental development involves
building the product in smaller, manageable parts. In Scrum, parts of the product
are developed in each Sprint until the final product is delivered in the last Sprint.
Thanks to these characteristics of Scrum, the team can deliver working subsystems
of a final system frequently, providing feedback from stakeholders. Thus, Scrum

embraces change and increases the potential for success.
1.8.1.1  Scrum Roles

The Product Owner, the Team, and the Scrum Master are three different roles in
Scrum. The Product Owner is responsible for ensuring that the Product Backlog’s
most valuable functionality is developed first for each Sprint. The Product Backlog is
a list of requirements. The Team is responsible for developing and delivering product
functionality at the end of each Sprint. Teams are self-managing, self-organizing,
and cross-functional, meaning they manage and decide their work within the Scrum
framework. The responsibilities of the Scrum Master include ensuring all project

members follow Scrum rules and practices.
1.3.1.2  Scrum Flow

All tasks are completed in Sprints. Each Sprint has a Sprint Planning meeting where

the Team and the Product Owner discuss what will be done in the upcoming Sprint



[21]. The Product Owner presents the highest priority Product Backlog to the Team
while the Team asks and discusses questions and also informs the Product Owner
about their assessment of how much of the desired requirements it can deliver as
functionality in the upcoming Sprint [21]. The Team conducts the Daily Scrum
meeting to synchronize team activity and make a daily plan. Its duration is 15
minutes.

After finishing each Sprint, there are two meetings: Sprint Review and Sprint
Retrospective. In the Sprint Review meeting, the Team presents what was developed
during the Sprint to the participating stakeholders and the Product Owner. The
Scrum Master conducts the Sprint Retrospective meeting with the team. It happens
after the Sprint Review and before the next Sprint planning. The previous Sprint is
evaluated, and improvements are identified for the next Sprint. This process continues

until the project is completed.
1.3.2 Extreme Programming (XP)

Extreme Programming is one of the agile software methodologies. The ”extreme”
aspect of Extreme Programming comes from it advocating that ”do your best and then
deal with the consequences” which can make one feel exposed [22]. Its characteristic
feature is a focus on technical aspects of software development. XP aims to help teams
develop high-quality software and adapt to changing and evolving requirements. It
embraces specific values, principles, and practices in software development, which are

presented in table format and outlined sequentially (see Tables 1, 2, and 3).
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Table 1: Values of Extreme Programming (XP)

Values Description

Communication | Communication is crucial for forming a sense of team
and efficient cooperation.

Simplicity Simplicity eliminates unnecessary requirements and
problems.

Feedback Feedback contributes to identifying problems and
making improvements to the project.

Courage Courage discards failing solutions and encourages
finding new ones.

Respect Mutual respect is important for ensuring supportive
and collaborative work environment.

Table 2: Principles of Extreme Programming (XP)

Principles Description

Humanity Software is developed by people.

Economics Business value should be added to the project.

Mutual Benefit

Mutual benefits should be provided.

Self-Similarity

If something works in one situation, it can be tried
elsewhere.

Improvement Software development is imperfect, so always focus on
improving processes.

Diversity The team needs diversity because it also brings
different ideas and solution about problems, even
though diversity sometimes leads to problems and
pitfalls.

Reflection The team should also reflect on how and why they
work.

Flow Flow means delivering valuable software continuously
instead of chunks.

Opportunity Problems should be seen as an opportunity for change.

Redundancy Problems can have different solutions, and each
solution may not always solve the problem. Therefore,
redundancy can be beneficial for preventing failures.

Failure Failures can also comprise valuable information as they
provide learning opportunities that can contribute to
eventual success.

Quality Quality should be pursued and not compromised. It is
not a control variable.

Baby Steps Many small steps can yield good results and make
people feel safer.

Accepted Responsibility is accepted or taken, not given.

Responsibility

11




Table 3: Practices of Extreme Programming (XP)

Practices

Description

Sit Together

The team should develop the project in a big enough
open space together.

Whole Team The team should consist of individuals with diverse
skill sets and perspectives essential for the project’s
success.

Informative The workspace should represent the project and its

Workspace current status.

Energized Work

The team should work as long as they can be
productive and efficient.

Pair Two people should sit and work together on one
Programming computer.
Stories The plan should be simplified for the customer’s

perspective.

Weekly Cycle

The team should plan work at the start of each week.

Quarterly Cycle

Work should be planned quarterly, and project progress
and alignment with larger goals should be discussed.

Slack The plan should include small tasks that can be
omitted if necessary.

Ten-Minute Automatically build the entire system and execute all

Build tests in ten minutes.

Continuous Integration and changes should not exceed a few hours

Integration in the project.

Test-First The team should write a failing automated test before

Programming changing any code.

Incremental The team should make small, safe improvements each

Design day.

1.3.3 Kanban

The Kanban board visualizes the assigned work of each team member, providing

Kanban originated in the Japanese manufacturing industry in the 1950s. The term
"Kanban” means "signboard” in Japanese. Toyota used the Kanban in practice suc-
cessfully. Kanban was brought into software development by David J. Anderson in

2004, during his management of a small, poorly performing IT team at Microsoft [23].

visibility to work for the team and highlighting priorities and bottlenecks [23]. Also,

tasks are executed only if necessary, leading to the minimization of waste.

12




Kanban approach limits work in progress (WIP) at each workflow stage and measures
cycle time. This helps maintain team coordination, ensure a steady workflow, and
decrease defects. These outcomes of Kanban foster good relationships and trust
among the customers.

Kanban consists of five main principles: visualizing work, limiting work in progress,
managing flow, making process policies explicit, and pursuing continuous improve-
ment. Its popularity is not restricted to software development; it is also preferred in

other industries.

13



1.4 Agile vs Traditional Software Development

Traditional and ASD are two predominant methodologies for developing and design-
ing system software. These methods are different from each other in significant ways.
These can be listed as various aspects of the development process, including develop-
ment approach, flexibility, customer involvement, documentation style, team collabo-
ration, risk management, and delivery strategy. The key differences and comparisons
between these two predominant software development methodologies are presented

in detail in Table 4.

Table 4: Comparison between agile and traditional software development

Agile software development

Traditional software development

1. The development approach is itera-
tive and incremental, with regular feed-
back and adaptation.

1. The development approach is sequen-
tial, with distinct phases like planning, de-
sign, implementation, and testing.

2. It is flexible and can adapt to changes
quickly.

2. Changes are difficult and costly to im-
plement once the project is underway.

3. Constant customer involvement

throughout the project.

3. Customer involvement is limited to spe-
cific milestones and reviews.

4. Documentation is minimal and just
enough to support the development and
use.

4. Documentation is comprehensive and
detailed.

5. Teams are highly collaborative and
cross-functional.

5. Teams are hierarchical, with clear roles
and responsibilities.

6. There is a continuous risk assessment
and mitigation in the project.

6. Risk assessment is made primarily at
the beginning of the project.

7. There are frequent, incremental deliv-
eries of working software.

7. There is a single, final delivery at the
end of the project.

According to the study conducted by Tiwana and Keil on 720 software projects,
using an inappropriate methodology is the most crucial risk factor contributing to
project failure [24]. Therefore, understanding these differences can help organiza-
tions select the methodology that best suits their project goals and needs, which is

important for increasing the chances of a project’s success.
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CHAPTER 11

BACKGROUND

This chapter discusses software project failures and evaluation models. It examines
historical examples, such as the Denver International Airport and Ariane-5 incidents,
to illustrate the severe consequences of software project failures. The chapter then
introduces various project evaluation models, including the Iron Triangle model and
alternative models like Atkinson’s Square Route, highlighting their strengths and
limitations. It also discusses critical success factors and references Frederick P. Brooks
Jr.’s ”No Silver Bullet” to underscore the complexity of finding solutions to software
development problems. Finally, the chapter emphasizes the importance of focusing on
human factors in the software development process to achieve better project outcomes.
Based on the systematic literature review, it has been decided to examine which

human factors will be included in the research framework.

2.1 Failures and Challenges of Software Projects

Software projects can fail in various ways, resulting in delays, budget overruns, poor
performance, or unsatisfied customers. This crisis in software delivery is often referred
to as the "Software Crisis [5].” Furthermore, software failures are not constrained by
geographic region, industry, or market group or restricted to specific organizational
size [25].

The Standish Group periodically publishes the 'CHAOS Report,” categorizing
software project as successful, challenged, or failed, as shown in Table 5. The ”Chal-
lenged” where even projects completed, they are invariably “over- budget, over the

time estimate, and offer fewer features and functions than originally specified [25].
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According to their research, many software projects face challenges in achieving suc-
cess [26]. This also supports the notion that the software project process is inherently
challenging.

Table 5: The Standish Group’s Reports over time

Standish Group CHAQS Report 1994-2016
Year Succesful(%) Challenged(%) Failed(%)

2016 37 44 19
2015 36 45 19
2014 36 47 17
2013 41 40 19
2012 37 46 17
2011 39 39 22
2009 32 44 24
2006 35 46 19
2004 29 53 18
2000 28 49 23
1998 26 46 28
1996 27 33 40
1994 16 53 31 [2 7]

Many projects have encountered problems because of software issues. The Den-
ver International Airport and the explosion of the European Space Agency rocket,
Ariane-5, can be cited as notable extreme examples.

The opening of Denver International Airport was delayed over sixteen months due
to major bugs in the baggage handling control software [28]. The cost caused by this
delay exceeds the initial 100-million-dollar airport construction budget [29].

Ariane-5 exploded 40 seconds after launch on June 4th, 1996. The cost of this
disaster was approximately $370 million [30]. According to the Inquiry Board Report
(IBR), the underlying cause of this incident was software failure [31].

Performing research into reasons for software project failures is crucial as it is
the primary method of improving software development practices and methodologies.
As illustrated by these examples, abandoned, canceled, or rejected software projects
lead to a waste of time, financial resources, and labor. Just as in any other sector of
business life, experiencing failure is inevitable and part of the learning process. The

results of such research are invaluable for teams, companies, and management.
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Many researchers and individuals have discussed problems in software develop-
ment. ”"No Silver Bullet” book was an impressive by Frederick P. Brooks Jr. on
the topic. He mentions that "no silver bullet” or one-size-fits-all solution can guaran-
tee the success of software projects [32]. Therefore, discussing software development’s
challenges and failures requires multiple approaches. In this thesis, the research model
focuses on human factors that may provide solutions and insights into the software de-
velopment process. As such, this topic should be researched in the context of current
situations and updated as necessary. Furthermore, this topic should always remain
open to new or different approaches. This is because every process involving humans

and human factors should adapt, improve, and change according to human needs.

2.2 The Success of Software Projects

Success in software development is a hot topic for research studies. Achieving success
in software development is often challenging. Software projects usually occur in a
turbulent environment where countless problems and changes can arise throughout
the project’s life cycle. Numerous delayed, failed, abandoned, and rejected projects,
stemming from various reasons, can indicate this situation. Researching successful
software projects and their common features can provide a solid foundation for im-
proving software project performance and for further research.

The Cambridge Dictionary defines success as 'the achieving of the results wanted
or hoped for’ [33]. However, the definition of success in software development is not
so clear-cut.

First, there is a need for clarification regarding specific steps. How should success
be evaluated, and based on which criteria? Additionally, who measures the success of
projects? The meaning of success can differ from person to person. For example, de-
livering on time and meeting requirements may be the main indicators of the project’s

success for customers. However, this can be different for software development teams.
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According to software teams, customer satisfaction or not exceeding the budget can
be signs of project success. Furthermore, the evaluation of success can change within
software development teams. For instance, project managers and software developers
can have different perspectives on software project success. Therefore, some rules

should be clarified for evaluation purposes.
2.2.1 Success Criteria

Many researchers have studied the definition of project success in software develop-
ment. Identifying common success criteria can simplify the evaluation of projects.

There are different criteria for evaluating the success of software projects. To
properly assess the performance of a software project, the evaluation should not be
done from only one criterion. In other words, the evaluation should consider various
criteria, which can also be combined.

Various models, from the past to the present, have been proposed to define success
in projects. Initially, the Iron Triangle is used for project assessment in literature,
and it is followed by Critical Success Factors (CSFs) [3]. Additionally, the Square

Route model originated from some parts of the Iron Triangle [34].
2.2.2 The Iron Triangle

The Iron Triangle is a well-known success criteria model that has been preferred in
project management for decades. Also called the Triple Constraint, it is used to
how we infer success in projects [35]. The model consists of three components: cost,
time, and quality. Since the 1970s, these three components of the Iron Triangle have
been widely acknowledged as project success criteria [34]. For years, most project
managers have preferred it as the standard way of defining project success. [36]. Due
to the simplicity of the Iron Triangle, it can be considered one of the reasons for the

enduring popularity of the model [35].
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Figure 2: The Iron Triangle

2.2.2.1 Cost

Projects have an allocated budget; hence, managing the budget during the life cycle of
the project is also significant. Delivering the project within the allocated or estimated

cost can be a determinant of success in terms of cost criteria.
2.2.2.2 Time

Projects have a delivery deadline for the customer. Delivering the project to the
customer within the specified time frame leads to project success in terms of the time

criterion.
2.2.2.8  Quality

Due to the subjectivity of the quality, its definition can changed person by person.
In general terms, delivering a good working product to the customer can be a deter-
minant of success in terms of quality criteria.

The definitions of cost and time are clear; in other words, there is agreement
on their meanings. However, quality is the most controversial component of the
model [35]. This is because cost and time are objective, while quality is subjective.
According to Atkinson, quality is a phenomenon that depends on different people’s

opinions and perceptions, which can often change throughout the project [34]. That
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is why defining quality is not as simple as defining the other components of the model.

Within research studies on the Iron Triangle, there are some discussions specifi-
cally addressing the quality component. There are different ideas about this compo-
nent. One idea is to divide the quality component into sub-parts. Turner and Hue-
mann partitioned quality into product quality and process quality [37]. Wyngaard et
al. suggest the idea that quality should be replaced with scope in the Iron Triangle
[38]. Another approach to the quality component is adding an extra component to
the Iron Triangle. Atkinson’s " The Square Route” can be shown as an example of

this approach [34]. The model details are mentioned under the 2.2.5 Section.
2.2.3 Limitations of the Iron Triangle

One of the main reasons for the popularity of the Iron Triangle is its simplicity.
However, this simplicity of the model can pose problems, especially if it hinders the
identification of real issues in projects.

As van der Hoorn and Whitty have discussed in their research, the Iron Triangle
focuses on these three components rather than other complex parts of the project.
Therefore, it can veil difficulties and challenges in projects, posing problems, especially
for inexperienced individuals in project management [39].

According to Turner and Zolin, assessing the project in terms of time, cost, and
quality is insufficient because success is not just completing the project’s scope of
work but also achieving business objectives. They mentioned that the Iron Triangle
indicates project performance success but is not the best measure of project success
[40].

Atkinson argues in his article that the reason for the continuous failure of project
management can be old and ineffective criteria for measuring success [34]. He likens
time, cost, and quality success criteria to the chance of matching two best guesses and

a phenomenon. Therefore, there is a need to consider other factors in determining
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project success, and he proposed a Square Route model for it [34].

According to De Wit, using the Iron Triangle to evaluate project management
success instead of project success is more suitable [41].

Bronte-Stewart also deliberated on the limitations of the Iron Triangle, which
ignores subjective and context-specific issues of projects and fails to consider impor-
tant success criteria related to the overall impact and outcome of the project [42].
Therefore, project failure statistics may be misleading.

There is a consensus among some authors that the Iron Triangle is inadequate for
determining project success since the model provides a limited view of the project
perspective [41, 34, 39, 42, 40].

The reason for this is the need for a more comprehensive set of criteria to evaluate
the project’s success. In project success, customer satisfaction and the satisfaction of
multiple stakeholders are crucial. Therefore, incorporating customer and stakeholder

satisfaction could be a good way to broaden the project perspective.
2.2.4 Customer and Stakeholder Satisfaction

Since the 1970s, the significance of stakeholders’ interaction has increased in projects
[35]. This shift in project management practices acknowledges the significance of in-
volving stakeholders throughout the project life cycle from the start to finish [43]. Fur-
thermore, the definition of the project success perspective began to turn towards satis-
fying stakeholders’ needs [44]. Subsequently, some papers mentioned that stakeholder
satisfaction should also be considered for project performance assessment [34, 45, 40].
Turner and Zolin suggested that a more accurate and fair way of evaluating a
project performance is to consider the views of multiple stakeholders across multiple
time frames, which are the end of the project, plus months, and plus years [40].

Shenhar et al. proposed a multidimensional universal framework to assess project
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success [45]. The model consists of four distinct success dimensions: Project ef-
ficiency, Impact on the customer, Business success, and Preparing for the future.
Customer satisfaction is evaluated under the Impact on the Customer’ dimension of
the framework, along with meeting customer needs and solving customer problems.
The remarkable outcome of their study indicates that customer satisfaction was the
number-one criterion for achieving project success, followed by the components of the
Iron Triangle [45].

Atkinson mentioned that customers and users are stakeholders and that stake-
holder criteria should also be added to performance assessment. He included the
benefits of the stakeholder community in his proposed new success framework, the

Square Route [34].
2.2.5 The Square Route

The concept of the Iron Triangle has been widely used for evaluating projects over
many years. In research, Atkinson questioned, ”Why has project management been
so reluctant to adopt other criteria in addition to the Iron Triangle?” [34]. In his
analysis, he classified and defined errors into Type I and Type II within project

contexts.
2.2.5.1 Type I Error

Type I errors occur when actions are executed incorrectly or inadequately, such as

poor planning, inaccurate estimation, or insufficient control.
2.2.5.2  Type II Error

Type II errors occur when actions are forgotten or not executed well, such as using
incomplete success criteria.
He contended that the Iron Triangle model represents a Type II error—it is not

entirely incorrect but could be improved. Based on this perspective, Atkinson put
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forward a more comprehensive framework for project assessment.

Thus, the Square Route includes the Iron Triangle with three additional compo-
nents: The Information System, Benefits (Organizational), and Benefits (Stakeholder)
[34]. The Information System component focuses on the importance of robust and
reliable information systems in project management. The Benefits (Organizational)
component highlights the organizational benefits derived from the project. It looks
contribution of the project to the organization’s broader goals and strategic objec-
tives. The Benefits (Stakeholder) component emphasizes the importance of meeting

the expectations and needs of various stakeholders.

The Iron Triangle The Information System
The Square
Route
Benefits | Benefits
(Organisational) (Stakeholder Community)

Figure 3: The Square Route
[34]

The Square Route provides a broader approach to project evaluation with these
additional three components on the Iron Triangle.
2.2.6 Critical Success Factors

Critical Success Factors (CSFs) method was introduced in the article of ”Chief Ex-
ecutives Define Their Own Data Needs” by John F. Rockart in May 1978. CSF's are
"for any business the limited number of areas in which results if they are satisfactory,

will ensure successful competitive performance for the organization” [46]. ”They are
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the few key areas where ”things must go right” for the business to flourish” [1]. Put
differently, if areas are good, the business will be successful; however, if areas are
inadequate, problems and struggles may arise in business [1].

The motivation behind CSFs is to decide on specific areas crucial for project
performance. This enables teams to concentrate their efforts on these specific areas.
The rationale behind this approach is that managers and teams have limited resources
and time. They can prioritize their resources in these areas; thus, they can make the
difference between success and failure [47].

The method will certainly vary from manager to manager, company to company,
and industry to industry. Therefore, an important point about CSF's is that they are
not a standard set of measures or "key indicators” [47]. In another way, CSFs must
be tailored and refined based on specific sectors.

CSFs are studied and researched in various areas, including the software devel-
opment industry. Different studies about CSFs in software development exist, and
their research results show that human-related factors also play a role in the success
of software projects [5, 3, 2, 48, 49].

According to the extensive literature survey on critical success factors affecting
software projects conducted by Nasir and Sahibuddin, twenty-six CSFs were found
to be related to software project success [5]. They grouped twenty-six CSFs as seven
people-related, sixteen process-related, and three technical-related. Only 6% are tech-
nical factors, and the rest are non-technical processes. The research results support
the statement, ”The success or failure of a project is seldom due to technical issues”
[50].

The study by Chow and Cao aims to identify and provide valuable understanding
of the CSFs that help in achieving success in software development implemented
with agile methods [2]. The study uses data from 408 respondents across 109 agile

projects in 25 countries. They conducted failure research across four dimensions:
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Organizational, People, Process, and Technical. Additionally, success was researched
across five dimensions, with an additional dimension added for the Project. They
listed possible factors which may affect the success or failure of ASD projects. For
the ”People” dimension, possible failure, and success factors are listed in Tables 6

and 7.

Table 6: Possible failure factors

Dimension | Factors

Lack of necessary skill-set

Lack of project management competence
People Lack of teamwork

Resistance from groups or individuals

Bad customer relationship

Table 7: Possible success factors

Dimension | Factors

Team members with high competence and expertise
Team members with great motivation

Managers knowledgeable in agile process

People
Managers who have light-touch or adaptive management style

Coherent, self-organizing teamwork

Good customer relationship

After applying reliability and factor analyses, the final list consists of 12 possible
CSFs. These were turned into 48 hypotheses, and each factor was evaluated across
four project success categories: quality, scope, time, and cost. For the people dimen-
sion, they researched team capability and customer involvement. According to the
results of the analyses, ten hypotheses were supported, while the remaining thirty-

eight hypotheses were rejected. In supported hypotheses, %50 is technical, and %50
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is non-technical factors. Table 8 represents the supported non-technical hypotheses
along with their accepted success attributes. The primary contribution of this study
is to reduce numerous anecdotal factors for success through the analysis of survey

data. [2].

Table 8: Supported non-technical factors and four success attributes in the study of
Chow and Cao

Non-Technical Factors Scope| Timeliness| Quality | Cost

Process

Good agile project management X
process

Organizational

An agile-friendly team X
environment

People

A strong customer involvement X

Team capability X X

2]

In the research by Misra et al., 14 factors were hypothesized and categorized into
two groups: People and Organizational factors [48]. According to the analysis of
241 survey respondents, nine of them were found to have a statistically significant
relationship with ”Success”. These are customer satisfaction, customer collaboration,
customer commitment, decision time, corporate culture, control, personal character-
istics, societal culture, and training and learning. This research indicates that most
of the proposed non-technical factors impact the success of software projects.

The study by Tam et al. researched the people factors that contribute to agile
software project success [3]. The study is a combination of people factors found by
Chow and Cao and Misra et al. [2, 48]. The proposed model includes Personal Char-

acteristics, Societal Culture, Team Capability, Customer Involvement, and Training
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& Learning. They found that team capability and customer involvement are influen-
tial factors. Additionally, team capability is affected by personal characteristics and
societal culture.

There is a new article about four human factors: team capability, customer in-
volvement, psychological safety, and team autonomy and their contributions to ASD
success based on 177 responses from the survey [49]. They applied a Partial Least
Squares (PLS) analysis to the research model. The study finds that customer in-
volvement and team capabilities have a significant impact on the software project’s
success. Moreover, psychological safety is a significant indirect success factor. Team
autonomy acts as a mediator that affects the indirect impact of psychological safety
on project success.

The role of CSFs in project success or failure is significant [47]. When properly
managed and addressed, these factors significantly enhance the likelihood of achieving
project success [5]. Project managers should consistently focus on CSFs to improve
project performance. Additionally, studies on CSFs emphasize the crucial role of
people-related factors in the success of software projects, leading to extensive research

on human factors through literature reviews.
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CHAPTER II1

HUMAN FACTORS

The software development process comprises both technical processes and compo-
nents. In essence, people develop software for the benefit of people. Contrary to
common expectations, the software development process is not solely focused on
technical aspects; it relies heavily on human factors. Human factors significantly
affect the success of software projects. Studies on CSFs also support this, indicat-
ing that human factors have a substantial impact on the success of software projects
2, 48, 5, 51, 52, 6, 3, 49]. Therefore, discussing human factors is crucial for under-
standing software project performance.

In the past, hardware was the most costly component of a system. Boehm’s
supervisor at General Dynamics remarked, ”We are paying $600 an hour for the GD
ERA 1103 computer and $2 an hour for you and I want you to act accordingly.”
on his first day [8]. However, this situation has since reversed. Today, people are
the most expensive resource in software development [53]. This shift underscores the
importance of discussing and researching human factors in the software development
process.

This thesis research examines human factors in software development, specifi-
cally focusing on software development teams, preferred software methodologies, and
project management, customers, and project-related aspects, along with their respec-
tive subsections.

Each section provides details of these human factors, supported by relevant lit-
erature, to demonstrate their significance in achieving successful software projects.

Based on this information, the impact and importance of these human factors on
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project success have been explained. Motivated by these findings, a new model has
been developed. To statistically evaluate the model, related questions were included

in a survey conducted in Turkey and analyzed in this thesis.

3.1 Software Development Teams

Software development is not an individual, intellectual endeavor [53]. Instead, it is a
collaborative, social task comprising people with various roles and interactions in the
process [54]. The software development team can be defined as a group of individuals
who work collaboratively to design, create, test, and maintain computer software in
complex organizational environments.

The team is a critical aspect of software development, as is any process involving
human interaction. Software development would be impossible without teamwork,
leaving nothing to discuss regarding the software project’s success. Therefore, it is
important to research the success factors of software project teams and teamwork.
A software development team comprises various components and dynamics. This
section discusses communication, communication overhead, personal characteristics,

team environment, and team capability.
3.1.1 Communication

Communication is essential for human interactions. In a software project, when we
refer to communication, it means the total communication among a group of people
working on the same project, both to understand what each other is doing and to
make collective decisions [55].

Communication is crucial in a software development team where individuals have
diverse responsibilities and duties. It extends beyond internal team interactions to
include communication with customers and stakeholders, making it a vital component

of the entire software development process.
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Agile methodologies advocate for small, collaborative teams working closely to-
gether. This structure promotes effective collaboration and communication among
team members, facilitating adaptation to changes and quick delivery of valuable soft-
ware. Agile management suggests that team sizes should ideally range from three to
nine members[56], with team efficiency peaking within this range [57]. For instance,
the ideal team size for Scrum is seven (plus two or minus two).

Communication is the most important element of agile methodology [58]. Software
development teams using agile methodology have meetings to inform each other about
development and changes in the project. These meetings are typically held daily,
enhancing both formal and informal communication [59]. Furthermore, many agile
principles prioritize face-to-face, informal, and daily communication over relying solely
on documentation [59].

Pair programming can be a good example of the importance of communication in
ASD. In pair programming, two programmers work together on the same algorithm,
design, or code using one computer. There are two roles: driver and navigator. The
driver writes the code while the navigator reviews it for issues and makes sugges-
tions. Pair programming is a key component of the Extreme Programming (XP)
methodology [22].

A survey was conducted among individuals who have experienced pair program-
ming. According to the survey, good communication skills were ranked as the third
most crucial characteristic of a pair programming partner and the first characteristic
of pair programming teams [60]. Given the extensive communication involved in pair
programming, this result is expected.

Agile teams demonstrate their best performance in a common space, often called
the war room. Working in the same room primarily facilitates continuous interactive
communication and supports team collaboration [52, 61]. This strategy has been

shown to significantly enhance team productivity [62, 63].
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One of the strengths of ASD lies in frequent communication, enabling teams to
stay informed about evolving software demands and the team’s overall progress [59].
They can notice the problem faster. Thus, agile software teams can act faster when
encountering a problem or change throughout the project life cycle. Moreover, regular
communication is important for establishing trust within the team environment [59].

According to Ancona and Caldwell, the size of the team directly impacts both
performance and communication [64]. While effective communication can enhance a
software project’s performance, excessive communication can also negatively affect it

due to communication overhead [65].
3.1.1.1  Communication Overhead

Communication, or miscommunication, is one of the root causes of project failure
[52]. Contrary to popular belief, an excessive increase in the number of people in
the software development team does not make the project progress faster or better;
instead, it can cause the project to slow down or even fail. Numerous studies have
explored the relationship between communication problems due to increasing team
size and the success of software projects [66, 67, 52].

One of the common illusions in software projects is that when a project is late, just
adding more people will make it finish sooner. Many projects still fall for this illusion,
initially pointed out in ” The Mythical Man-Month” by Fred Brooks in 1975 [66]. This
notion not only fails to finish the project earlier but also causes it to be even more
delayed. It overlooks the nature of software development, which is a collaborative,
social task requiring extensive communication [53]. In essence, software development
thrives on rich interactions among individuals.

Another issue is the wrong choice of using man-month as a unit for measuring the
size of a job [66]. In Figure 4, this unit implies that men and months are interchange-

able. This assumption holds true only if there is no communication in the project.
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However, this condition is unrealistic because even the smallest project requires at
least two people: the developer and the user. In this situation, communication is

inevitable for the software process to understand the user’s needs.

Months

Men

Figure 4: Time vs. number of workers—perfectly partitionable task

[66]

Adding more individuals to a project can speed up until a specific limit is reached.
Beyond this threshold, rather than finishing ahead of schedule, it may lead to the
project being completed later than expected. In some cases, this can even lead to

the project’s failure or abandonment. Therefore, the actual situation of adding more

people to the team can be observed in Figure 5.
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Months

Men

Figure 5: Time vs. number of workers—task with complex interrelationships

[66]

Malone and Crowstone define coordination as managing dependencies between
activities [67]. Increasing team size comes with difficulties, such as communication
overhead, making it more challenging to keep the team informed about developments
and ensure team coordination.

A study by Lalsing et al. examined the relationship between three different team
sizes and project performance in agile teams using Scrum [52]. Three teams of differ-
ent sizes were compared, and the results indicated that the larger team outperformed
the smaller teams in most performance metrics. The research attributed this to the
increased communication channels in the larger team.

Communication channels are calculated as the number of people multiplied by the
number of people minus one and then divided by two. The formula for calculating
communication channels is given by N, which represents the number of people in the

team.

N-(N-1)

) (1)

For example, the communication channels among the three people are calculated
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using the formula:
3-(3—1)

=3
2

It continues, as you can see in Figure 6.

o2 3T VP T

Figure 6: The communication channel

[52]

The formula indicates that communication channels grow exponentially as team
size increases. In other words, increasing the team size and communication channels
do not have a linear relationship.

Consequently, coordination and communication within the team become more
challenging as team size increases. Thus, there is a trade-off between team size
and communication. Deciding on the appropriate team size is crucial for project
performance. Increasing the team size does not necessarily lead to better performance;
it often results in increased communication overhead.

The observed result in these studies [66, 67, 52] is due to the increased complexity
and potential for miscommunication as team size grows, which can negatively impact
software project success. The increasing communication overhead makes effective
communication and coordination more challenging. This situation can cause delays
and various problems during the project life cycle. Communication is a vital com-
ponent of software project success. Therefore, when forming a software team, the
influence of communication on the success of software projects should be carefully

considered.

34



3.1.2 Team Environment

The team environment is a fundamental pillar of successful teamwork, particularly in
the context of software development projects. The Agile Manifesto, a cornerstone doc-
ument in modern software development methodologies, highlights the importance of
fostering a conducive environment for teams to succeed. One of its principles empha-
sizes that, ”Build projects around motivated individuals. Give them the environment
and support they need, and trust them to get the job done.” [4].

Trust positively influences the team’s performance [68]. DeOrtentiis et al. also
mentioned that trust strengthens bonds between team members, thereby turning the
team into a cohesive unit that successfully achieves its goals. [68]. Akgiin et al. found
that trust among team members positively impacted the team potency during the
project after examining 53 software development project teams in Turkey. [69]. Trust
also positively affects knowledge-sharing. Sharing information and expertise is crucial
for meeting customer requirements because the nature of the software development
process is highly information-intensive [70].

The positive and negative impacts of the team environment on the success of
software projects have been the subject of research by numerous studies. A study by
Chow and Cao found a statistically significant relationship between an ”agile-friendly
team environment” and the ”Quality” success attribute [2]. Conflicts in the team
environment lead to instability within the team, negatively affecting the ” Time” and
”Budget” success attributes, as found statistically [71]. From different perspectives
but leading to similar outcomes, there is a relationship between the team environment
and software project success. To increase the chances of success in a project, teams

should be provided with an appropriate team environment.
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3.1.3 Personal Characteristic

The experience and competence of team members are crucial, but their personal
attributes, such as honesty, collaboration, responsibility, readiness to learn and team-
work are equally important [72].

One of the ways to provide a suitable environment is by considering the personality
characteristics of the people when assembling the team. The success factors research
conducted by Misra et al. included the personal characteristics of team members.
Their hypothesis, ”The better the personal characteristics of the team members in
a project, the more likely would be the success of the ASD projects,” was accepted
[48]. Furthermore, Tam et al. combined the studies of Misra et al. and Stankovic et
al. However, their findings show that personal characteristics do not directly affect
agile project success, contrary to Misra et al.[3]. Instead, personal characteristics
significantly influence success through team capability and customer involvement,

highlighting the importance of these mediators in agile projects.
3.1.4 Team Capability

Team capability refers to the reliable capacity of a project team to effectively utilize
knowledge in challenging work environments [73]. Teams develop software products
in these challenging environments. Various studies have examined team capability
and its effect on the success of software development projects [2, 51, 49, 3|. Some
research has found a likely relationship between project success and team capability.

First of all, according to Chow and Cao’s research results, there is a statistically
significant relationship between team capability and success attributes ” Timeliness”
and ”"Cost.” [2]. In contrast, Stankovic et al. did not find a statistical relationship
between team capability and success attributes: timeliness, cost, quality, and scope
[51]. After that, studies by Barros et al. found that team capability strongly affects
the success of ASD [49]. Using the PLS-SEM model, Tam et al. demonstrated that
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team capability significantly explains the variance in the success of an ASD project
3].

These research findings align with Barry Boehm’s emphasis on the importance of
team capability over technical skills. Boehm highlights that a team’s overall capabil-
ity is more crucial than individual technical skills, such as knowledge of programming
languages, proficiency with software tools, or even experience with specific applica-
tions [74]. This is because a highly capable team can better adapt to changing re-
quirements, effectively collaborate to solve complex problems, and leverage collective

intelligence to innovate and improve project outcomes.

3.2 Project Management

Project management is a critical discipline encompassing the "application of knowl-
edge, skills, tools, and techniques to project activities to meet the project require-
ments” [75]. An analysis of 250 large software projects from 1995 to 2004 reveals an
interesting pattern: unsuccessful projects struggled not due to technical personnel but
due to challenges in project management [76]. Thus, effective project management
is essential for the success of software development projects. This section discusses
various aspects of project management and their impact on software project perfor-
mance. Specifically, this thesis research focuses on the roles of the manager in project

management.
3.2.1 Team Manager

Indeed, team managers play a crucial role in the software development process and
are essential for achieving software project success.

Maintaining a harmonious and creative work environment is one of the key respon-
sibilities of a team manager [77, 78]. Such an environment involves establishing trust,
fostering motivation, and encouraging problem resolution from different perspectives

[77].  According to Liang and Liu, providing direction for creating and managing
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diverse teams can further enhance team performance by promoting a variety of view-
points and innovative solutions [78]. The importance of the team environment on
project success is discussed in section 3.1.2.

The team manager’s provision of leadership and direction is crucial for the team to
understand their tasks and responsibilities [77]. This also ensures coordination within
the team. Furthermore, leadership support encourages the team to share problems,
feedback, and challenges with each other, thereby increasing communication within
the team [77]. For example, in a semi-structured interview, respondents mentioned
that the flexibility of the leader encourages them to discuss and share actual ideas
and problems with each other [79]. This enables the resolution of problems within the
team and the project. The importance of communication in software project success
is also discussed in Section 3.1.1.

Sharing information is an important indicator of project success and does not
happen automatically [74]. Therefore, team managers should encourage teams to
share information with one another and provide continuous learning opportunities.
By offering training and learning opportunities, team managers enable the team to
develop itself, thereby achieving technical excellence [48], which increases the chances
of successful ASD practices [72]. Technical excellence is a fundamental principle in
the Agile Manifesto and is highlighted in Principle 9, which states that technical
excellence enhances agility [4].

The relationship between the team manager and stakeholders is essential [77]. This
relationship ensures that the team understands stakeholders’ needs and expectations,
thereby enabling these needs to be met within the project. Additionally, this can
help prevent potential problems or conflicts that might arise in the later stages of the
project [77]. As a result, the project can be delivered successfully and with customer
satisfaction in the end.

In conclusion, team managers have various aspects that can be crucial for achieving
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project success. Different studies have examined the effect of team managers on

project performance.

3.3 Customer

Since the publication of the Agile Manifesto, the customer’s role in software develop-
ment has gained increasing significance. The Agile Manifesto emphasizes collaborat-
ing with customers over negotiating contracts [4]. One of its principles states that the
highest priority is to satisfy the customer through the early and continuous delivery
of valuable software [4]. In this context, the involvement of customers throughout the

agile software project life-cycle becomes inevitable.
3.3.1 Customer Involvement

Customer involvement refers to interactions between one or more representatives of
the customer and the company throughout the project life- cycle [80].

Unlike traditional waterfall approaches, where customer involvement is often lim-
ited to the requirements phase, agile methodologies insist that the customers are
present from the initial to the end phases of the project [81]. This ongoing collabo-
ration helps promptly address changes and decreases the risk of project failure and
overrun due to unmet customer expectations.

Throughout the software development process, minor and major changes often
occur within the project. Customer involvement plays a vital role in clarifying the
project’s requirements, making it a critical factor for the success of software develop-
ment projects. Additionally, customer involvement facilitates the early identification
of project problems from the customer’s perspective, enabling the team to address
issues promptly and effectively, thereby reducing unnecessary costs.

An important point in customer involvement is the selection of the right people.

Turner and Boehm mentioned that the customer should be represented by skilled
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individuals who are collaborative, representative, authorized, committed, and knowl-
edgeable (CRACK) [82]. They also indicate that a part-time CRACK performer is
a better option than a full-time non-CRACK performer because deficiencies in any
of these critical capabilities can lead to frustration, delays, wasted project resources,
and an unacceptable final product [82].

Several studies have found a statistical relationship between project success and
customer involvement [2, 3, 49]. For example, research by Cao and Chow identi-
fied customer involvement as one of the CSFs of a software project for the scope
dimension, supporting its importance [2]. Tam et al. used partial least squares struc-
tural equation modeling (PLS-SEM) and found that their model could explain %46
of project success, identifying the critical factors as customer involvement (CI) and
team capability (TC) [3]. Barros et al. also found a strong effect of customer involve-
ment on the success of ASD [49]. Also, other closely related factors (e.g., customer
collaboration, customer commitment, and competency) have also been identified as

CSFs for agile software projects in former studies [2, 48].

3.4 Project

Projects are typically evaluated based on technical factors such as complexity, du-
ration, and size, which significantly influence their success [5, 2, 51]. However, this
thesis focuses on understanding how to follow a delivery strategy that aims to sat-
isfy customers and maintain good relationships with them. The study explores the
impact of a customer-oriented delivery strategy on software project success. This
shift in focus aims to highlight the critical role of human factors in achieving project

success different than traditional technical evaluations.
3.4.1 Delivery Strategy
Delivery strategy corresponds to multiple principles of the Agile Manifesto. Specially,

the highest priority is to satisfy customers through early and continuous delivery of
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valuable software and the frequent delivery of working software, with a preference
for shorter timescales [4]. These principles emphasize the importance of maintaining
a steady flow of deliverables that meet customer needs and expectations. However,
the delivery strategy in traditional software development differs significantly from
that of ASD. Traditional software development tends to have only one final delivery,
well-documented and delivered several months after the initial discussions with the
customer to define the requirements[49].

The classification of delivery strategy in the context of agile methodologies can
vary. While some studies, such as Stankovic et al. and Chow and Cao, have evaluated
it as a technical factor [2, 51]. On the other hand, this thesis interprets it as a human
factor. This interpretation is based on the significant role of stakeholder feedback and
interaction in the delivery process.

Chow and Cao’s research indicates a statistically significant relationship between
delivery strategy and the success attributes ”Scope,” ” Timeliness,” and ”Cost” [2].
Among these, the delivery strategy has the most substantial effect on the success
attributes examined in the research. Their findings suggest that delivery strategy can
effectively manage project scope, ensure on-time completion, and stay within budget,
leading to higher project success rates.

By classifying delivery strategy as a human factor, this thesis highlights the im-
portance of ongoing communication and collaboration between the development team
and stakeholders. This perspective aligns with agile principles, prioritizing individuals
and interactions over processes and tools.

Considering that customer satisfaction is one of the critical success metrics for
project performance, an early and continuous delivery strategy is expected to con-
tribute significantly to project success. As mentioned earlier, agile project delivery
advocates for frequent and early delivery as essential for achieving customer satisfac-

tion within the project [4]. The agile-style delivery strategy ensures the project is
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aligned with customer needs and expectations throughout development. Therefore,
emphasis should be placed on the project’s delivery strategy to increase the likelihood

of success.

3.5 Software Methodologies

The definition of software methodologies is the structured approach used for plan-
ning, executing, and managing the process of software development. It has a set of
principles, practices, procedures, and techniques that guide the development team in
developing software. For example, principles, practices, and values of Extreme Pro-
gramming can be seen in subsection 1.3.2. Software methodologies have an important
role, and it is important to choose the proper methodology for the software project
success. The findings of Joslin et al. reveal that there is a positive relationship be-
tween project methodology elements and the characteristics of project success [83].
Also, the other study mentioned that inappropriate methodology increases the risk
of project failure by using data from 720 software projects [24]. Therefore it is added
the research framework to evaluate its effect on project success. For this thesis, agile
software methodology is preferred because it gives importance to human factors and

is the most preferred methodology among survey respondents (see Figure 8).
3.5.1 Agile Software Methodology

Agile software methodology’s principles, practices, and values were provided under
Section 1.2 detail. According to Serrador et al., there is a correlation between the
use of the agile approach and the reported project success: efficiency and stakeholder
satisfaction [84].

In the research model, the questions in the group of software methodologies are
used to detect that the respondent’s team uses agile software methodology actually

in their software project development and its effect on software project success.
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CHAPTER IV

THE RESEARCH FRAMEWORK

This chapter provides designing of the research framework and survey.

4.1 Designing the Research Framework

The research framework was formed after an extensive systematic literature review,
as shown in Figure 7. The research framework consists of five main parts: team,
management, customer, project, and software methodologies. They are evaluated as
human factors with their components. The statistical relationship between these five
categories and project success is analyzed based on survey responses from participants
in Turkey. This thesis research aims to provide and analyze the statistical relationship
between human factors and software project success in Turkey. Thus, before starting
a project, teams, and managers can determine what to prioritize or give importance
to.

Project success is evaluated using time, budget, customer satisfaction, and self-
satisfaction of the respondents chosen after an extensive systematic literature review.
Time and cost are derived from the Iron Triangle Model. Quality was identified as
the most controversial part of the Iron Triangle Model due to its subjectivity [35].
Customer satisfaction has gained prominence in project evaluation. Also, the research
indicates that customer satisfaction is the top criterion for achieving project success,
followed by the Iron Triangle components [45]. Therefore, customer satisfaction is
included instead of quality. The respondents’ self-satisfaction is also added for a
broader evaluation of the project’s success. The evaluation of software project success

in this thesis consists of these four components.
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4.2 Designing the Survey
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Designing an effective survey is the most important step in collecting the necessary in-
formation to be used in research. The survey design process should be done carefully
and should aim to collect the information needed to answer the research questions
correctly. This includes defining clear objectives, selecting the appropriate type of
survey, designing accurate and objective questions, and deciding the target popula-
tion. In this study, the survey design process includes carefully considering these

factors to obtain reliable and valid data to analyze human factors affecting software

After conducting a comprehensive literature review, it was decided which human

factors would be evaluated, focusing on software development teams, management,



customer involvement, software methodologies, and other project-related elements.
Studies involving surveys were examined to inform this process, which was crucial in
identifying and understanding the human factors affecting software project success.
In particular, this study draws on insights from the work of Tam et al., as well as
Misra et al. and Stankovic et al. [3, 48, 51]. The study was conducted in Turkey
through a survey, with the next chapter providing a detailed discussion of the data.
The survey aimed to evaluate the effects of these factors on the success of software

projects with collected data. The original survey can be found in APPENDIX A.
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CHAPTER V

METHODS

This chapter provides an overview of the data collection process and its analysis,
including factor analysis, reliability and validity analysis, and Harman’s Single-Factor

test to check for common method bias in the data.

5.1 Data Collection

A survey was chosen for this thesis study to illustrate the effect of human factors on
the success of software projects. The target population comprises individuals who
are part of software development teams. Obtaining feedback from these individuals
is crucial for the research.

The survey is in Turkish, and the respondents are members of software teams in
Turkey. The survey comprises 63 questions, including multiple-choice, single- textbox,
matrix/rating scale, and comment box formats. It is divided into seven sections:
general questions, team, manager and management, software methodology, customer,
project, and opinions. Survey questions are available in the Appendix A.

The survey questions use a 5-point Likert Scale for statistical calculations. Re-
spondents rated their acceptance in percentages: %10, %30, %50, %70, and %90
to answer the questions accordingly. Responses are converted to a 1-5 scale for the
analysis part.

The data for this thesis were collected through a survey conducted on the Survey-
Monkey platform and shared across various channels, resulting in 312 respondents.
Of these, 141 respondents completed the entire survey.

Table 9 provides a summary of the demographic characteristics of the survey

respondents, focusing on their work experience and work roles within the software
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Table 9: Demographic data

Work experience N %

0-5 years 28 %19.85
5-10 years 32 % 22.70
10-15 years 38 % 26.95
15-20 years 26 % 18.45
Over 20 years 17 % 12.05
Work role N %

Software Developer 55 % 39.00
Team Leader 27 % 19.15
Software Manager 11 %7.80
Analyst 11 % 7.80
Tester /Quality Controller 8 % 5.70
Project Manager 7 % 5.00
System Architect 6 % 4.25
Other 16 % 11.35

development teams. Figure 8 is a pie chart that used software methodologies by the

survey respondents in their projects.

Other
22%
Waterfall -
48%

No
3.9%

Kanban
1.7% - 16.6%

Figure 8: Preferred software methodologies of the survey respondents in their project

47



By analyzing the responses from individuals with different levels of experience and
roles and using different software methodologies, we can gain insights into how human
factors contribute to the success of software projects from different perspectives. This
demographic data provides an essential understanding of the survey sample, ensuring

that the findings are representative and comprehensive.

5.2 Data Analysis

This section presents a comprehensive analysis of the survey data collected to inves-
tigate the effect of human factors on the success of software projects. The analysis
begins with factor analysis, followed by reliability and validity analysis. Finally, Har-

man’s Single-Factor test was used as a common method of bias check.
5.2.1 Factor Analysis

A factor analysis was conducted to identify the underlying dimensions represented by

the survey questions. The process involved several key steps.

e Dropping Dependent Variables

The dependent variables should be removed before starting the factor analy-
sis. Thus, only independent variables are included and used to identify the

underlying factors.

e Deciding the Number of Factors:

After a systematic literature review, the success of software projects decided to
be examined under these five groups. Therefore, the survey questions were pre-
pared and grouped based on team, project, management, software methodology,
and customer. Factor analysis was used to reduce the number of questions in

each group.

e Factor Analysis Technique:
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Factor analysis was performed using the varimax rotation method, which was
employed to simplify the factor structure by maximizing the variance of squared

loadings of a factor across variables.

e Extracting Factor Loadings:

The factor loadings were extracted from the analysis. Factor loadings are coef-
ficients that describe the relationship between each observed variable and the
underlying latent factors. They indicate how strongly each variable is associated

with each factor.

e Interpreting Factor Loadings:

The variables with the highest absolute value of loadings were identified for
each factor. The top seven variables with the highest absolute loadings for
team and project were examined to understand the common themes or concepts
they represented. The top five variables with the highest absolute loadings are
selected for the management, customer, and software methodologies. Based on
these high-loading variables, each factor has updated versions in Turkish and

English, which can be seen in Appendix B and Appendix C accordingly.

Table 10: Number of eliminated variables in each group

Construct Variable
Team 6
Manager 2
Software Methodology 5
Customer 3
Project 0

By analyzing the factor loadings and identifying the variables most strongly associ-

ated with each factor, the underlying dimensions represented by the survey questions
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were effectively uncovered. These insights contribute to a deeper understanding of

the factors influencing project success in the context of the study.
5.2.2 Reliability & Validity Analysis

Reliability and validity analysis are important to ensure that the MLR and Ridge
regression models are accurate and reliable. Reliability ensures consistency, while
validity ensures that the model accurately predicts and measures the intended out-
comes. Together, these analyses enhance the models’ overall quality, credibility, and
utility, making it a powerful tool for research and decision-making. Cronbach’s alpha
and composite reliability scores were calculated and evaluated for reliability analysis.
The Fornell-Larcker criterion and common method bias (CMB) tests were preferred
for validity.

Cronbach’s alpha was introduced in the article ” Coefficient Alpha and the Inter-
nal Structure of Tests” [85]. It is the most widely used estimator of test and scale
reliability [86].

The Fornell-Larcker criterion compares the square root of the average variance
extracted (AVE) for each construct with the correlations between that construct and
all other constructs [87]. The criterion is satisfied if the square root of the AVE for
a construct is greater than the correlation of that construct with any other construct
in the model [87].

Table 11 presents the latent variables along with their mean, standard deviations,
composite reliability (CR), Cronbach’s alpha (CA), and validity values. All groups
have CR values greater than 0.7, with many exceeding 0.8, indicating strong internal
consistency [88]. Additionally, the diagonal values are the square root of the average
variance extracted (AVE). They are represented in bold writing style. The satisfaction
of the Fornell- Larcker criterion can be observed in Table 11 because the diagonal

values are greater than the correlations among each pair of constructs (values in the
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off-diagonal). Therefore, the proposed model demonstrates good internal consistency.

Specifically, the Team, Management, Software Methodology, and Customer con-
structs have Cronbach’s alpha values greater than 0.7, confirming their reliability.
Although the Success and Project constructs have Cronbach’s alpha values less than
0.7 but greater than 0.6, they are still considered acceptable.

These evaluations demonstrate that the survey items are reliable and valid indi-
cators of the intended constructs, enhancing the robustness and credibility of this
study’s findings.

Table 11: Latent variables mean, standard deviations (SD), composite reliability
(CR), Cronbach’s alpha (CA), and validity (AVE ) measures.

Group Mean SD CR CA T M SM C P S

Team(T) 4041 937 .902 .868 .719
Management (M) 3829 1.193 870 912 .368 .698
Software Meth.(SM) 3.349 1.476 .873 .743 .384 .472 .684

Customer(C) 3.190 1.353 .876 .758 .253 .229 305 .672
Project(P) 3.912  1.231 913 .616 .454 .529 .564 .382 .731
Success(S) 3.819 1.033 .841 .671 474 410 .287 .228 .619 .701

5.2.3 Harman’s Single-Factor Test for Common Method Bias

Common method bias (CMB) can pose a significant threat to the validity of survey
research by distorting the observed relationships between variables. This bias arises
when the measurement method introduces systematic error, thereby altering the true
relationships among the constructs being measured. Sources of CMB include using
the same method to assess different constructs, the wording and format of survey
items, and the context in which the data is collected.

Given the context of software projects, controlling for CMB is particularly crucial,

as human factors are often influenced by multiple overlapping constructs. To assess
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the presence of CMB in the dataset, Harman’s Single-Factor Test was conducted after
performing factor analysis and reliability analysis to identify potential sources of bias.

The analysis revealed that the first factor extracted through factor analysis ex-
plained only %26.24 of the total variance, which is below the %50 threshold [89]. This
finding suggests that CMB is not a major concern in the dataset [89], enhancing the

validity of the survey results and supporting the robustness of subsequent analyses.
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CHAPTER VI

RESULTS

This chapter presents two predictive models: Multiple Linear Regression (MLR) and
Ridge regression applied to the survey data. The performance of both models is com-
pared using R-squared (R?), Root Mean Squared Error (RMSE), and Mean Square
Error (MSE).

6.1 Multiple Linear Regression Model

MLR is a statistical method used to test and estimate the relationship between a
dependent variable and one or more independent variables [90]. This research aims
to explore the factors that can influence software project success, whether positively
or negatively. These factors belong to customer, team, project, software methodology,
and management, and each has subparts. Project success is evaluated as the average
of time, budget, customer, and respondent’s (own) satisfaction. They are represented
as one dependent variable, which averages these four factors. Therefore, the MLR
model is selected in this case.

According to McClave et al., the general form of the MLR model, which incorpo-

rates k independent variables can be expressed as [91]:

Y=00+0 -x1+02-x24+ ...+ 0k -xk+¢€

In this model, Y represents the dependent variable, while X1, X5, ..., X} are the
independent variables. The coefficients 3; indicate the effect of each independent
variable X; when all other independent variables are held constant, with 8y being the

y-intercept. A positive coefficient indicates a positive relationship, while a negative
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coefficient indicates a negative relationship. The term e denotes the random error
component.
In the case of this study, the above translates to the following general equation of

the multiple regression model:

S(t,b,c,e) = 0.936 + 0.150 - T + 0.115 - M — 0.034 - SM + 0.009 - C + 0.490 - P + ¢
(2)

1. S(t,b,c,e): Success with time, budget, and customer & employees (own) satisfaction
2. Bo: Intercept

3. B;: Coefficients for each construct

4. T: Team M: Management SM: Software Methodology C: Customer P: Project

5. €: Error term

Table 12: Multiple Linear Regression coefficients and p-values of the research model
variables

Variable Coefficient | p-value
Constant (Intercept) 0.936 0.009
Team 0.150 0.072
Management 0.1155 0.050
Methodology -0.0341 0.548
Customer 0.0097 0.872
Project 0.4901 <0.001

In the regression analysis evaluating factors influencing software project success,
the intercept is found to be significantly different from zero (p = 0.009), indicating
a strong baseline success level when all predictors are zero. The reason is the inter-

cept is calculated by giving zero to all predictor variables. The ”Project” variable
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demonstrates a highly significant effect on success (p < 0.001), underscoring the crit-
ical importance of project-specific attributes. Management practices with a marginal
significance (p = 0.050) also contributes positively to project success, though the
evidence is not overwhelmingly strong, indicating that effective management is ben-
eficial but may need further support to be proven. The capabilities of the team show
borderline significance (p = 0.072), suggesting that while team characteristics and
skills might impact project success, additional data, or a slightly relaxed significance
threshold could provide clearer confirmation of this effect.

On the other hand, the "Methodology” variable (p = 0.548) is not statistically
significant, implying that the choice of software development methodology does not
play a crucial role in project success within this model. In this model, the software
methodology is agile software methodology, which is unexpected. This result indi-
cates that there may be some missing parts. For the next research, can think of
asking different questions to capture the agile software methodology. Similarly, the
”Customer” variable (p = 0.872) is also not significant, indicating that variations in
customer involvement do not significantly explain the variations in project success
among the surveyed projects. It is also an unexpected result; many studies about
the customer are statistically important for software project success [2, 3, 49]. Like
software methodologies, there can be some possible problems or missing something
when selecting and identifying customer group questions.

This analysis highlights the crucial importance of managing project-specific at-
tributes and effective management practices while suggesting that team capabilities
may also play a role. However, it indicates that the choice of development method-
ology and the level of customer involvement, as measured in this study, are not sig-
nificantly critical to the success of software projects. These findings provide valuable
insights for practitioners focusing on project and management practices to enhance

the likelihood of successful project outcomes.
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6.2 Ridge Regression Model

Ridge regression is a form of regularized regression that addresses multicollinearity
by adding a penalty to the regression coefficient [92]. This penalty term prevents the
coefficients from becoming too large, which enhances model generalizability, particu-
larly in cases with many correlated independent variables. Ridge regression minimizes
the sum of squared residuals and adds the square of the magnitude of the coefficients
as a penalty term [92]. The primary objective is to balance model complexity and
performance by controlling for overfitting, which often occurs in datasets with mul-
ticollinearity or small sample sizes. In this thesis research, the sample size can be
considered as a small sample size so, the Ridge regression model is selected as a second

model for this purpose.

Table 13: Ridge Regression coefficients of the research model variables
Variable Coefficient

Team 0.1328

Management 0.0724

Methodology | -0.0128

Customer -0.0130
Project 0.5757

The R-squared (R?) score of the Ridge regression model is 0.287, indicating that
it explains approximately %28.7 of the variance in software project success based on
the independent variables. The model’s RMSE is 0.514, and its MSE is 0.264. While
Ridge regression does not typically provide p-values for the significance of individual
coefficients, its ability to shrink coefficients makes it ideal for enhancing prediction
robustness. Notably, the error score of the Ridge regression model is lower than
that of the MLR model, suggesting that Ridge regression provides better accuracy.

Coefficients of the variables in the Ridge regression model can be seen in Table 13.

o6



Table 13 shows that the "Project” component of the research framework has the
greatest impact on software project success, followed by the ”"Team” and ”Manage-
ment” components, similar to the MLR model. On the other hand, the ” Customer”
and ”Management” components negatively affect project success, which is unusual.
However, their coefficients are small and can be disregarded. These two components,
particularly ”Customer,” have been shown to have a significant positive relationship
with software project success in the literature [2, 3, 49]. There can be different reasons

for this difference which is discussed under the Conclusion chapter.

6.3 Performance Comparison of the MLR and Ridge
Regression Models

The R-squared (R?) score of the MLR model is 0.358, indicating that it explains

approximately %35.8 of the variance in software project success based on the inde-

pendent variables. The R-squared (R?) score of the Ridge regression model is 0.287,

meaning it explains about %28.7 of the variance in software project success using the

same independent variables.

The MSE of the MLR model is 0.287, representing the average of the squared
differences between the observed and predicted values. Its RMSE is 0.535, measuring
the average prediction error. This relatively low RMSE suggests reasonable model
performance. However, RMSE and MSE can be difficult to interpret on their own;
they are most useful when comparing different models. In this thesis, both MLR and
Ridge regression models are used, and these scores are applied for comparison.

The RMSE of the Ridge regression model is 0.514, and its MSE is 0.264, both of
which are lower than the scores for MLR. This indicates that Ridge regression is the
better model for prediction accuracy, as it minimizes both prediction errors, making
it more reliable for generalization.

The f-statistic score of MLR is 15.26. The F-statistic tests the overall significance

of the model. It compares the model with no predictors (intercept only). A higher
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F-statistic indicates that the model is better than a model with no predictors. F-
statistic p-value is 6.61 x 1072, This very low p-value indicates that the overall
model is statistically significant, meaning that the independent variables collectively
impact the dependent variable (success). On the other hand, Ridge regression does
not typically provide p-values or F-statistics due to regularization.

As a result, the MLR model explains a moderate portion of the variance in the
success variable based on the R? score and has statistically significant predictors
overall (F-statistic p-value 6.61 x 107'?). The R2 of MLR is higher than the Ridge
regression model. This thesis aims to interpret relationships between human factors
and software project success. Therefore, although the Ridge regression has a lower
error score, the MLR is selected as the model because it explains more variance (higher
R?), indicating a greater ability to explain the variance in software project success.

However, the R? values for both models suggest other factors not accounted for
that could further explain the variance in success. Additional human factors could
be included in the models, or the sample size could be increased to improve the

explanatory power.
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CHAPTER VII

CONCLUSIONS

This thesis explores the use of two regression models, Multiple Linear Regression
(MLR) and Ridge Regression, to assess the significance and impact of selected hu-
man factors on software project success within the research framework in the context
of Turkey. While Ridge Regression demonstrated improved predictive accuracy, as
indicated by lower RMSE and MSE values, the primary goal was to examine the rela-
tionship between human factors and project success. For this reason, MLR was chosen
for its higher R? value, which better explains the variance in software success and
allows for a clearer interpretation of individual factors. Although Ridge Regression
improves predictive accuracy, this study focused on understanding the contributions
of human factors to project outcomes. After evaluating both models, MLR was pre-
ferred for its superior ability to explain variance, as demonstrated by its higher R?
score.

The results from the MLR model provide managers and teams with insights into
which human factors should be considered significant. Consequently, they can al-
locate their resources and time accordingly, which enhances the likelihood of the
project’s success. According to the research model, the most important component is
the ”"Project,” followed by ”Management” and ”Team”. Following customer-centric
delivery strategies and avoiding or decreasing over time are important factors. Man-
agers’ relationship between both customer and software development is crucial. Also,
managers should provide a suitable environment for software development. Personal
characteristics, communication skills, and team capability should be considered dur-

ing the formation of the software teams. Surprisingly, agile software methodology and
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customer involvement are not statistically important for software project success in
our model. The project questions included a component of the agile delivery strategy,
which involves the customer in the delivery process. This may indicate a different as-
pect of customer involvement compared to the literature. According to the ”Project”
coefficient in the MLR model, customer involvement is more important specifically
in the delivery process. Still, these two groups of questions can be reconsidered or
found alternative questions.

An R? value in the range of 0.3 to 0.4 might be considered acceptable, as human
behavior and outcomes are often influenced by numerous unpredictable factors. The
research model explains %35.8 of the variance in software project success with the
given independent variables, suggesting the model is moderately strong, particularly
when considering the focus on human factors in this thesis.

Previous literature includes various research models that better explain software
success with human factors, but these differences might stem from cultural or na-
tional variations or the nature of the respondents. Nevertheless, there is room for
improvement in the model’s performance. One approach could involve conducting
interviews with managers and software development teams before designing the sur-
vey questions, allowing for a broader range of perspectives. Based on their feedback,
new questions could be added, or existing ones refined. Another option is to pilot
the survey with a small group of participants to gather feedback on the clarity and
comprehensibility of the questions.

As a result, there is no ”"Silver Bullet” in software development. It is always
open to changes and improvements. Because it is unrealistic to expect any process

involving humans to remain constant or to have a single solution.
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APPENDIX A

SURVEY QUESTIONS

Genel Sorular
Bu sayfada sizin hakkimizda sorulmus sorulan cevaplayimiz.

1. Cinsiyetiniz nedir?
[ Erkek

" Kadin

7 Difer (litfen belirtin)

2. Doguimn yilimz girer misiniz?

3. Fiilen hangi sirkette veya organizasyonda ¢alisiyorsunuz?

4. Mesleginizdeki kacinci yilimzdasimz?

5. Ekipteki roliiniiz nedir?

_ Yazilim Gelistiricisi :'_"; Sistem Miman
(77 Proje Yoneticisi C 7 Talam Lideri

_ Test/Kalite Kontroleu :'_": Yazlim Yéneticisi
77 Analist () Oriin Yéneticisi

() Diger (litfen belirtin)

6. Son iki yihmzda kag farkh ekip icinde rol aldimz?
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Ekip
Bu sayfada ekibiniz ile ilgili sorularn cevaplayiniz.

1. Mevcut yazilim gelistirme ekibiniz ka¢ kisiden olusuyor?

2. Ekip igindeki kisisel iliskileri dusiiniirsek, bu iliskilerin ne kadar:1 olumlu ve gicli
iligkilerdir?

%10 %70
%30 %90
%50

3. Ekibinizi degerlendirdiginizde, calistiginiz projelere gore ekibinizin teknik yeterliligini
hangi aralikta goriyorsunuz?

%0-20 %20-40 %40-60 %60-80 %80-100

4. Ekibinizdeki kisi sayisin1 goz 6niinde bulundurdugunuzda, toplantilariniza diizenli olarak
ekibinizin yaklasik yluizde kaci katilir?

%10 %30 %50 %70 %90

5. Ekibinizdeki insanlarin, ne kadarinin gorev tanimlarn vardir ve nettir?

%10 %30 %50 %70 %90

6. Projede karsilastigim teknik problemleri ya da zorluklari asagidaki oranda ekip
arkadaslarimla paylasip tartisabilirim.

%10 %30 %50 %70 %90

7. Ekibiniz, insan iligkileri ve iletisimi iyi kigilerden olusur.
%10 %30 %50 %70 %90

Katilma oraniniz:

8. Ekibiniz, dirist kisilerden olusur.

%10 %30 %50 %70 %90

Katilma oraniniz:

62



9. Ekibiniz, proje icin istekli ve motivasyon sahibidir.

%10 %30 %50 %70 %90

Katilma oraniniz:

10. Ekibiniz, isbirlikci tutuma sahip olan kisilerden olusur.

%10 %30 %50 %70 %90

Katilma oraniniz:

11. Ekibiniz, sorumluluk sahibi kisilerden olusur.

%10 %30 %50 %70 %90

Katilma oraniniz:

12. Ekibiniz, 6grenmeye acik ve hazir insanlardan olusur.

%10 %30 %50 %70 %90

Katilma oraniniz:

13. Ekip calismasi, sizin performansiniza olumlu yonde katk: saglar.

%10 %30 %50 %70 %90

Katilma oraniniz:

14. Ekibiniz, uyumlu ve kendi kendini orgiitleyen/diizenleyen(self-organizing) bir ekiptir.

%10 %30 %50 %70 %90

Katilma oraniniz:

Yonetim ve Yonetici

s s Py PP

Bu sayfada yoneticiniz ve ekibinizin yonetimi ile ilgisi sorular1 cevaplandiriniz.
1. Ekip yoneticisi haricinde, ekibinizde proje yoneticiniz var mi1?
Evet

Hayir

2. Projenin isleyisi ile ilgili goriislerimi ya da gérdiigiim problemleri, asagidaki oranda proje
liderimle paylasirim.

%10 %30 %50 %70 %90

3. Ekip yoneticiniz, ekibinize esnek ve yaratici is ortami saglar.

%10 %30 %50 %70 %90

Katilma oraniniz:
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4. Ekip yoneticiniz, ekibinizi stirekli 6grenme ve uygulama yolunda ilerletir.

%10 %30 %50 %70 %90

Katilma oraniniz:

5. Ekip yoneticiniz, uyguladiginiz metedoloji hakkinda bilgi sahibidir ve basarili sekilde de
uygulamaktadir.

%10 %30 %50 %70 %90

Katilma oraniniz:

6. Ekip yoneticiniz, proje boyunca destegini ekibinize hissettirir.

%10 %30 %50 %70 %90

Katilma oraniniz:

7. Ekip yoOneticinizin, musterilerinizle iligkileri iyidir.
%10 %30 %50 %70 %90

Katilma oraniniz:

8. Ekibinizin basarisinda ya da basarisizliginda yoneticinizin pay1 ne kadardir?

%10 %30 %50 %70 %90

Yazilim Metodolojisi
Bu sayfadaki sorular cevaplandiriniz

1. Projelerinizde tercih ettiginiz, belirli bir proje yénetimi metodolijisi var mi1?
Hayir
Scrum
Kanban
Lean
Agile
Selale(waterfall)

Diger (litfen belirtiniz)

2. Bir 6nceki soruda belirtiginiz metedolojilerin kurallarini ve prensiplerini, proje siirecinde
yiizdelik olarak ne kadar uyguladiginizi diistiniiyorsunuz?

%10 %30 %50 %70 %90
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3. Ekibinizde ¢evik silirecleri yluritmek ve iyilestirmekle gorevli bir ¢alisan var mi1 (Scrum
Master gibi)? Evet ise, bu goreve ne kadar zaman ayiriyor?

Yok %25 %50 %75 Tam zamanh

4. Yazilim ekibi olarak giinliik toplantz ...

Yapmiyoruz 15 dk striiyor yarim saat siiriiyor 1 saat striiyor 1 saati asiyor

5. Projeleri parcalara ayiriyorsaniz (sprint gibi) yaklasik ne kadar siire araliklarina
boliyorsunuz?

4 haftadan daha
Ayirmiyoruz 0-1 haftalik 1-2 haftalik 2-3 haftalik 3-4 haftalik fazla

6. Projeyi bolerken, proje icin harcayacagimiz eforlar1 6nceden tahmin etmeye ya da
belirlemeye calisiyoruz.

%10 %30 %50 %70 %90

Katilma oraniniz:

7. Proje esnasinda, tamamlanmis kisimlar ile ilgili ekiple degerlendirme yapiyoruz.

%10 %30 %50 %70 %90

Katilma oraniniz:

8. Proje esnasinda, neleri nasil yapabiliriz ya da gelistirebiliriz diye ekiple tartisiyoruz.

%10 %30 %50 %70 %90

Katilma oraniniz:

9. Yazilim projesini, ekiple ortak bir alanda gelistiririz.

%10 %30 %50 %70 %90

Katilma oranimiz:
10. Projede, zamanimizin asadidaki oraninda birden fazla kisi ayni gorev iizerinde birlikte

calisarak geciririz.

%10 %30 %50 %70 %90

11. Ekipte, birbirimizin kodlarina asagida sectigim cevap oraninda hakimizdir.

%10 %30 %50 %70 %90
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Misteri
Bu sayfadaki miisteri ve miisteri iliskileri hakkindaki sorulari cevaplayiniz.
1. Calistiginiz misterileriniz, proje siirecine ne kadar dahil oluyor?

%10 %30 %50 %70 %90

2. Miisterilerinizle is iliskinizi ve iletisiminizi diisiiniirsek, bunlarin ne kadar: olumlu ve
gucludir?

%10 %30 %50 %70 %90

3. Proje esnasinda karsilastigimiz sorunlar, fark ettigimiz eksiklikler ya da ek goriis ve
onerilerimiz gibi detaylar1 asagidaki oranda misterimiz ile paylasiriz.

%10 %30 %50 %70 %90

4. Misteri ile iletisimimiz ... gerceklesiyor.

Sadece proje basinda
ve sonunda Gunlik Haftalk Ayhik Bir ay1 geciyor

5. Projenin tamamlanmis kisimlarini, miisteriye gosterip gorisinia aliriz.

%10 %30 %50 %70 %90

Katilma oraniniz:

6. Projede musteriyi temsil etmede gorevlendirilmis kisi, karar verme konusunda tam yetkiye
ve bilgiye sahiptir. Ornek olarak, projedeki degisiklikleri onaylama/onaylamama ya da
onceliklendirmesini verebiliriz.

%10 %30 %50 %70 %90

Katilma oraniniz:

7. Misteri proje stireci boyunca vardir adeta ekibin iiyesi haline gelir. Ekibimiz ile isbirligi
halindedir.

%10 %30 %50 %70 %90

Katilma oraniniz:

8. Projelerimizde 6nemli 6nceliklerimizden biri, miisterilerimizi memnun etmektir.

%10 %30 %50 %70 %90

Katilma oraniniz:
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Proje
Bu sayfada projeniz ve projenizin siireciyle ilgili sorulmus sorular cevaplandiriniz.
1. Projenin sonlarina dogru ek mesaiye kalis sikligimiz artiyor.

%10 %30 %50 %70 %90

Katilma oraniniz:

2. Ek mesaiye kaldiginizda daha ¢ok ne lizerinde c¢alisiyorsunuz?
Projenin diizeltilmesi gereken kisimlariyla
Projenin tamamlanmamis kisimlariyla

Ek mesaiye kalmiyoruz

3. Son bir yi1ldaki ¢calisma gunlerinizin, yaklasik olarak yuzde kaginda fazla mesaiye kaldiniz?

%10 %30 %50 %70 %90

4. Projede, sorunlarla genellikle projenin ... karsilasiriz.

baslarinda ortalarinda sonlarinda

5. Projelerinizde, proje basarisina daha katk: sagladigini diisindiginiiz igin iizerine daha
fazla efor harcadiginiz kisimlar mevcuttur.

%10 %30 %50 %70 %90

Katilma oraniniz:

6. Proje stiresince, ekip olarak toplam asagidaki, oranda fazla mesai yaptik.

%100 (ginde 7-8
%20 (ginde 1.5 saat) %40 (ginde 3 saat) %60 (ginde 5 saat) %80 (ginde 5-6 saat) saat)

7. Projelerinizin gereklilikleri ve istenilen 6zellikleri belirli ve nettir. Proje esnasinda,
degisiklikler olur fakat ¢ok sik olan bir durum degildir.

%10 %30 %50 %70 %90

Katilma oraniniz:

8. Projemizin tamamlanmis kisimlarini diizenli olarak teslim ederiz.

%10 %30 %50 %70 %90

Katilma oraniniz:
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9. Projenin 6nemli kisimlarini tamamlayip teslim etmeye 6ncelik veririz.

%10 %30 %50 %70 %90

Katilma oraniniz:

10. Proje siireglerimizde iletisimimiz ve miizakarelerimiz ¢cogunlukla yiiz yiize gerceklesir.
%10 %30 %50 %70 %90

Katilma oraniniz:

11. Proje, ilk planlandig1 takvim stiresine gore ne kadar zamanda tamamlandi? Planlanan
siireye x dersek, projenin siireci t olursa, t i¢in asagidaki araliklardan hangisi daha uygunsa
onu seciniz.

t>=2.5x :hic
bitmediyse de bu
t<=x x<t<=1.2x 1.2x<t<=1.5x 1.5x<t<=2.5x secgenegi isaretleyiniz.

12. Proje hesaplanan ya da tahmin edilen biitgeye x dersek; proje sonunda, projeye harcanan
bltceye b dersek bunlarin iliskisi nasil olur?

b>2.5x proje iptal
edildiyse de bu
b<=x x<b<=1.2x 1.2x<b<=1.5x 1.5x<b<=2.5x% segenegdi isaretleyiniz.

13. Projenin basinda belirlenen yiikiimliliikleri ve miisterinin isteklerini yerine getirir ve
projeyi teslim ederiz.

%10 %30 %50 %70 %90

Katilma oraniniz:

14. Bugiine kadar yer aldiginiz tim projeleri bir biitiin olarak ele alsak, bunlarin toplam
basaris1 asagidakilerden hangisine en yakindir?

%10 %30 %50 %70 %90

Ek Gorts
Ek goris ve geri bildirimlerinizi paylasmak isterseniz, bu sorular cevaplayiniz.

1. Ek soru 6neriniz ya da gorusuniz var ise bizimle paylasir misiniz?
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2. Bizim ile gorislerinizi paylasmak ve sorularimizi cevaplamak icin gorismek ister misiniz?
Hayir

Evet ise mail adresinizi bizimle paylasir misimiz?

69



APPENDIX B

SURVEY QUESTIONS AFTER FACTOR ANALYSIS

WITH THEIR GROUPS TURKISH

ileli§im T1 |Ekibiniz, insan iliskileri ve iletisimi iyi kisilerden alusur
T2 |Ekibiniz, ishirlikgi tutuma sahip clan kisilerden oluzur.
T3 |Ekibiniz, sorumluluk sahibi kisilerden olusur.
. Kisisel Czellik T4 |Ekibiniz, dgrenmeye agik ve hazir insanlardan olugur.
EKIP : TS
Ekip igindeki kisisel iliskileri disinirsek, bu iliskilerin ne kadan clumlu ve gicld iligkilerdir?
T6 |Ekibiniz, uyumlu ve kendi kendini érgitleyen/dlzenieyen(self-organizing) bir ekiptir.
Takim Vetensd :!<I|I:.|.|r|2| dege;land|rd|g|n|z:e, calisnginiz projelere gére ekibinizin teknik yeterliligini hangi aralikta
Eoriyorsunuz?
M1 | Ekip yoneticiniz, ekibinize esnek ve yaratici is ortami saglar.
M2 |Ekip yoneficiniz, ekibinizi surekli ogrenme ve uygulama yolunda ileretir.
YANETIM visnetici M3 | Ekip yoneticiniz, uyguladiginiz metedoloji hakkinda bilgi sahibidir ve baganl sekilde de
uygulamaktadir.
M4 |Ekip yoneticiniz, proje boyunca destedini ekibinize hissettirir.
M5 | Ekip yoneticinizin, miisterilerinizle iligkileni ividir
SM1 | Yaziim projesini, ekiple ortak bir alanda geligtiririz
SM2 | Ekibinizde cevik siirecleri ylnitmek ve ivilestirmekle gGrevli bir caligan var mi (Scrum Master gibi)?
Ewvet ise, bu goreve ne kadar zaman ayinyor?
YAZILIM | GevikYaziim | SM3|Projede migteriyi temsil etmede géreviendirilmis kigi, karar verme konusunda fam yetkiye ve bilgiye
METHODOLOJILERI Metodolgjisi sahiptir. Ornek olarak. projedeki dedisiklikler onaylamalonaylamama ya da Bneeliklendirmesini
verehiliriz
5M4 | Proje esnasinda, tamamlanmis kisimlar ile ilgili ekiple degerlendirme yapiyoruz.
5M5 | Proje esnasinda, neleri nasil yapabiliriz ya da gelistirebiliriz dive ekiple tarbigiyoruz
C1 | Cabshiimz migterileriniz, proje sirecine ne kadar dahil aluyor?
Cc2
Miisterilerinizle is iliskinizi ve ilefisiminizi disiinirsek, bunlann ne kadan olumlu ve glicliidiir?
Mii 5TERi Miisteri Katihim C3 |Proje esnasn?da k_arg Ia§t|g|m_!z so_rupl.?r. fark etfidimiz eksiklikler ya da ek garis ve dnerilerimiz gibi
B defaylan asagidaki oranda misterimiz ile paylasinz.
C4
Wiisteri proje slireci boyunca vardir adeta ekibin Uyesi haline gelir. Ekibimiz ile isbirligi halindedir.
C5  |Projenin tamamlanmis kisimlanini, misteriye gosterip gorisind alnz.
P1  |Projenin sonlanna dogru ek mesaiye kalg sikh@imiz artiyor.
Ek Mesai P2 |Son bir yildaki calisma giinlerinizin, yaklagik olarak ylzde kacinda fazla mesaiye kaldiniz?
P3 |Proje siresince, ekip olarak toplam asafidaki, oranda fazla mesai yaphik
PROJE P4 | Projemizin tamamlanmis kizimlanm diizenli olarak teslim ederiz.
PS5  [Projenin onemli kisimlanni tamamiayip teslim etmeye oncelik veririz
Teslim Stralefisi |P6 | Projelerinizde, proje bagansina daha katks sagladigini distindiginiiz icin tizerine daha fazla sfor
harcadidiniz kisimlar mevcuttur
P7  |Projenin tamamlanmis kisimlanini, misteriye gosterip gorlisind alnz.
Zaman 51 |Proje. ilk planlandidi fakvim siresine gore ne kadar zamanda tamamland? Planlanan sireye x
dersek, projenin siireci t olursa, ticin asagidaki araliklardan hangisi daha wygunsa onu seciniz.
Biitge 52 |Proje hesaplanan ya da fahmin edilen bitceye x dersek; proje sonunda, projeye harcanan bitceye b
BASARI dersek bunlann iliskisi nasil alur?
Mdsteri 53 |Projenin basinda belidensn yikimidldkler ve miisterinin isteklerini yerine getirir ve projeyi teslim
Memnuniyeti ederiz
Katiimemin (kendi)( 34 | Bugiine kadar yer aldigimiz tum projeleri bir bitin clarak ele alsak, bunlann foplam bagans
memnuniyeti asafidakilerden hangisine en yakindir?
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APPENDIX C

SURVEY QUESTIONS AFTER FACTOR ANALYSIS

WITH THEIR GROUPS ENGLISH

TEAM

Communication

1

Your team consists of people with strong interpersonal and communication skills.

Personal
Characieristics

T2

Your project team consisted of people who had a collaborative attitude.

T3

Your project team consisted of people who had a sense of responsibility.

T4

Your project team consisted of pecple who had the open and readiness to learn

5

Considering the personal relationships within your team, how many of these relationships are
positive and strong?

T6

Your team is harmonious and self-organizing.

Team Capability

When you evaluate your team, where do you see your team's tachnical competence in terms of
the projects you work an?

MANAGEMENT

IManager

M1

Your team leader provides a flaxible and creative work environment for your team

n2

Your team leader confinuously guides your team towards leaming and applying

M3

Your team leader is knowledgeable about the methodology you use and applies it successfully.

14

“Vour team leader makes your feam feel supported throughout the project.

M5

“Your team leader has good relations with your clients.

SOFTWARE
METHODOLOGIES

Agile Software
Methodology

SM

j—y

Your team develop the software project in a shared space.

Mz

Iz there an employee in your team responsible for camying owt and improving 2gile processes
{like a Scrum Master)? If yes, how much time do they devote to this role?

SM3

The person assigned to represent the customer in the project has full authority and knowledge in
decision-making. For example, they can approve or reject changes in the project or set priorities.

sS4

During the project, you evaluate the completed paris with the team.

SM3

During the project, you discuss with the team how and what you can do or improve.

CUSTOMER

Customer Involvement

CI

How much do your custemers get invelved in the project process?

Clz

Considering your work relationship and communicafion with your customers, how many of these
are posifive and strong?

Cl3

During the project, you share details such as the problems you encounter, deficiencies you
nofice, or additienal opinions and suggestions with your customers to the following extent.

CIs

The customer is present throughout the project and becomes almoest a member of the feam.
They cooperale with your team.

Cla

“You show the completed paris of the project to the customer and get their feedback

PROJECT

Crvertime

P

The frequency of working overtime increases towards the end of the project.

P2

In the last year, approximately what percentage of your working days involved overtima?

P3

Throughout the project, az a team, you did the following percentage of overtime.

Delivery Strategy

P4

You regularly deliver completed paris of your project.

P3

“Vou prioritize completing and delivering the important paris of the project.

P&

In your projects, there are paris on which you spend more effort because you fhink they
confribute more to the project's success.

You show the completed paris of the project to the customer and get their feedback

SUCCESS

Time

How long did the project take compared to the initially planned schedule? If we say the planned
duratien is x, and the preject duration is {, which of the following ranges best fits t7

Budget

If the calculated or estimated budget for the project is x, and the budget spent at the end of the
project is b, what is the relationship between these two?

Customer Safisfaction

“You fulfill customer requirements and requests determined at the beginning of the project and
deliver the project

Respondent's (own)
Satisfaction

Considering all the projects you have been invalved in so far as a whole, which of the following
besi describes their overall success?
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