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ABSTRACT
IT Staffs’ Tendencies Towards Choosing Effort Sizing Measure:

Man/Day vs Story Points

Effort estimation is crucial for the successful management of software development
projects. The man-day and story points techniques are widely employed by
professionals to gauge the necessary resources for a project's completion. This study
aims to explore the differences between the man-day and story points techniques in
the contexts of experience, flexibility, complexity, teamwork, and performance
tracking. The potential distinctions that made impact the effectiveness of each
approach is investigated utilizing a survey of professionals who use either of these
two techniques.

Contrary to expectations, the analysis does not reveal significant differences
between the man-day and story points techniques in terms of their applicability to
various project dimensions like need for expertise, flexibility, complexity, teamwork
and performance tracking. Both techniques show similar results in the contexts of
experience, flexibility, complexity, teamwork, and performance tracking. These
findings suggest that the choice of estimation technique may be more dependent on
individual preferences, team culture, or specific project requirements rather than
inherent advantages or disadvantages of the techniques themselves.

Given the lack of substantial differences between the techniques, practitioners
are encouraged to select an estimation method that best aligns with their team's
experience and working style, as well as the nature of the software development

project.
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OZET
BT Calisanlarinin Eforlama Olgiitii Segmeye Yonelik Egilimleri:

Adam/Giin - Story points Karsilastirmasi

Efor tahmini, yazilim gelistirme projelerinin basarili yonetimi i¢in ¢ok énemlidir.
Adam-giin ve story points teknikleri, bir projenin tamamlanmasi i¢in gerekli
kaynaklar1 6l¢mek icin profesyoneller tarafindan yaygin olarak kullanilir. Bu
caligma, deneyim, esneklik, karmasiklik, ekip ¢alismasi ve performans izleme
baglamlarinda adam-giin ve story points teknikleri arasindaki farklar kesfetmeyi
amaclamaktadir. Bu iki teknikten birini kullanan profesyonellerle yapilan bir
anketten yararlanarak, her bir yaklasimin etkinligini etkileyebilecek potansiyel
farkliliklar1 arastirilmistir.

Beklenenin aksine proje uygulanabilirligi agisindan adam-giin ve story points
teknikleri birbiri arasinda 6nemli farkliliklar ortaya koymamaktadir. Her iki teknik de
deneyim, esneklik, karmasiklik, ekip ¢aligsmasi ve performans takibi baglaminda
benzer sonuglar gostermektedir. Bu bulgular, tahminleme teknigi se¢iminin,
tekniklerin kendilerine 6zgii avantajlar1 veya dezavantajlarindan ziyade bireysel
tercihlere, ekip kiiltiiriine veya 6zel proje gereksinimlerine daha fazla bagl
olabilecegini ortaya koymaktadir.

Teknikler arasinda 6nemli farklar olmadigi goz oniine alindiginda,
uygulayicilar ve proje yoneticileri, ekiplerinin deneyimi ve ¢alisma tarzinin yani sira
yazilim gelistirme projesinin dogasina en uygun tahmin 6l¢iim birimini segmeye

tesvik edilmektedir.
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CHAPTER 1

INTRODUCTION

Software systems play a pivotal role in many aspects of the modern world. In order to
create software, a method known as the software development life cycle (SDLC) is
often used. Phases of planning, analysis, design, implementation, testing and
maintenance are frequently included in the process steps (Leau, Loo, & Tham, 2012).
Each phase is critical to ensuring that the program is created appropriately and satisfies
the client's expectations. The planning phase of the software development life cycle is
the first stage. The project team will establish the project's scope at this phase, as well
as develop a schedule and budget. This phase is crucial for making sure the project is
finished on schedule and within budget (Lester, 2006). Estimating how much work has
to be done is one of the essential activities that cannot be passed over in the planning
stage of a project. This process is known as effort estimation.

To elaborate, effort estimation is the procedure of calculating an estimate of the
time and resource that are required to finish a given project (Turner, 1999). Methods
like the Story points, Man-Day, Delphi Method, Function Point Analysis, Use Case
Points and Wideband Delphi are frequently employed for this purpose. These methods
allow project managers and team members to better plan and manage their endeavors
by having a more precise idea of how much time and effort are needed for seeing them
through to completion.

The development teams' behavior and the results of their work are both affected
by the estimation methods that they utilize during the production process. There is a
possibility of observable behavioral variations occurring between IT employees who

utilize different metrics of size. For instance, many software development teams prefer



to use estimation techniques that rely on experts’ subjective assessment, in other
words, their experience (Hughes, 1996). In addition, while some techniques apply the
exact time to spend on a task or a project, some techniques use mostly series applied
sizing measure which makes it more complex. Also, team members have to agree about
the size of the task, so it requires solid teamwork (Schwaber & Beedle, 2001). Due to
the nature of some techniques, the performance of the team member cannot be traced
with how much sizing measure metrics the member works, thus it may affect
performance tracking. In some techniques change in estimations does not immediately
can be associated to the time that is needed, hence it affects flexibility of team or team
members.

Despite the widespread use of man-days and story points method in software
development, there is a lack of research comparing the two techniques. This research
aims to explore behavioral tendencies of IT staff when choosing either story points or
man-day effort sizing measurement. The research will especially focus on the
comparison of story points and man-day techniques in terms of their ability of
importance of experience, the flexibility, complexity, need of teamwork and
performance tracking, as well as their corresponding sub factors that affects them.

RQ1: How do the tendencies of professionals differ in terms of experience,
flexibility, teamwork, complexity, and performance tracking when using the man-day

approach compared to the story points approach?



CHAPTER 2

THEORETICAL BACKGROUND

2.1 Software development life cycle and estimation techniques
The Software Development Life Cycle (SDLC) is a systematic process for
developing software that ensures its quality (Alshamrani & Bahattab, 2015). The

SDLC consists of several well-defined phases, each with specific tasks and

objectives:

1. Planning: During this phase, clients provide specifics and concepts for
their software, and the organization plans the required resources, time,
and budget for the proposed development (Lekh, 2015).

ii. Analysis: In this phase, stakeholders' needs and requirements are
gathered, analyzed, and documented in a comprehensive and
unambiguous manner (Dora & Dubey, 2013).

iii. Design: During this phase, the software requirements are turned into a
classification of software modules and their boundaries (Sharma &
Pandey, 2015).

iv. Development: This phase involves the actual coding/programming
and software program integration (Lekh, 2015).

V. Testing: The software is thoroughly tested to ensure that it is free
from defects and meets the desired quality standards (Jindal, 2016).

vi. Maintenance: After-delivery software change to fix bugs, improve

performance, or adapt to new conditions (Jansson, 2007).
Project planning is a crucial aspect of managing projects, involving the

selection of enterprise objectives and the establishment of necessary policies,



procedures, and programs to achieve them. Effective planning in a project
environment entail setting a predetermined course of action within a forecasted
context, with upper-level management actively involved in selecting alternatives
during the planning stage. Successful project planning requires a systematic, flexible,
disciplined approach that is capable of accepting multifunctional inputs, as it is an
iterative process performed throughout the project's life. The primary objectives of
project planning are to eliminate or reduce uncertainty, improve operational
efficiency, obtain a better understanding of objectives, and provide a basis for
monitoring and controlling work. Inadequate planning can lead to negative
consequences, such as poorly defined requirements and a chaotic project
environment. Systematic planning helps organizations set goals and avoid reactive
management, which can result in crisis management and conflict (Kerzner, 2000).
Estimation techniques play a vital role in the project planning phase, as they
directly influence the allocation of resources, time management, and overall project
success (Turner, 2009). These techniques serve as the foundation for determining the
effort required to complete tasks, allowing for better organization and prioritization
of project activities. By accurately estimating the effort required for various tasks,
project managers can create realistic schedules and allocate resources efficiently,
ultimately leading to improved productivity and streamlined project execution.
Incorporating estimation techniques into the planning phase enables
organizations to take a proactive approach in mitigating risks and addressing
potential challenges. These techniques provide a quantitative basis for decision-
making and foster collaboration and transparency among team members. By
integrating experience, flexibility, complexity, teamwork, and performance tracking

factors into these estimation methods, project managers can enhance the overall



effectiveness of their project planning. A comprehensive understanding of estimation
techniques helps organizations achieve their objectives more efficiently, reducing the
likelihood of setbacks and facilitating adaptive responses to changing circumstances.
Ultimately, the effective use of estimation techniques contributes to better project
outcomes and enables organizations to deliver high-quality results in a timely
manner.

Agile development methodologies have gained prominence as an alternative
to traditional software development life cycle methodologies due to their iterative,
incremental development processes that prioritize collaboration, flexibility, and
customer satisfaction (Al-Saqqa, Sawalla, & AbdelNabi, 2020). Examples of agile
methodologies include Scrum, Extreme Programming (XP), and Kanban, which
emphasize continuous delivery, adaptive planning, and the ability to embrace change
(Saleh, Huq, & Rahman, 2019).

Scrum focuses on iterative and incremental progress through time-boxed
sprints. It emphasizes collaboration, communication, and flexibility, with roles such
as Product Owner, Scrum Master, and Development Team. Scrum relies on regular
meetings, or ceremonies, including sprint planning, daily stand-up, sprint review, and
sprint retrospective, to ensure progress and adapt to changes (Schwaber & Beedle,
2001). Extreme Programming emphasizes continuous improvement, flexibility,
simplicity, and high-quality software delivery. XP practices include continuous
integration, test-driven development, pair programming, and small, frequent releases.
These practices aim to improve software quality, enhance collaboration, and adapt to
changing requirements (Beck, 2000). Kanban is an agile method for managing work
in progress by visualizing the workflow, limiting work in progress (WIP), and

continuously improving the process. It originated from the Toyota Production



System and has been adapted for software development and other knowledge work.
Kanban focuses on transparency, flexibility, and collaboration, using a visual board
to represent tasks as they move through various stages of completion (Anderson,
2010).

In contrast to traditional SDLC methodologies such as Waterfall, agile
approaches focus less on upfront planning and documentation and more on rapid
delivery of working software (Dyba & Dingsoyr, 2008). This enables agile teams to
respond more effectively to changing requirements and market conditions, resulting
in improved project outcomes and reduced development risk.

A crucial aspect of agile development is the use of estimation techniques to
predict the effort required to complete software development tasks. Estimation in
agile methodologies supports effective planning, tracking, and control of the
development process. Several estimation techniques have been proposed for use in
agile development, which can be briefly overviewed as follows:

Story points: This method involves estimating the relative effort required to
complete a user story or task, considering factors such as complexity, uncertainty,
and the amount of work needed (Cohn, 2005).

Man-Day: Man-day estimation represents the amount of work that can be
completed by one person in one day, providing a more explicit measure of effort in
terms of time (Ferguson, 1971).

T-Shirt Sizing: This method uses t-shirt sizes (e.g., Small, Medium, Large,
and Extra-Large) to represent the relative effort required to complete tasks, providing

a simple and intuitive way to estimate work (Mallidi & Sharma, 2021).



2.2 Overview of story points and man-day sizing measures

The processes of planning, scheduling and delivering a project need an accurate
estimation of the amount of effort. Accurate effort estimation can assist teams in
planning their work, establishing goals that are attainable, and delivering software
projects on time and under budget. However, effort estimation is not always an easy
task. Estimates can be made more accurate depending on a variety of factors
including expertise, teamwork, adaptability and complexity.

Effort estimation in software development can often be done using the man-
day sizing method or the story points sizing method. The man-day approach
calculates the amount of labor necessary to finish a work based on how many days it
will take to finish (Ferguson, 1971). On the other hand, the amount of a story's point
is determined on how much work, effort, and risk it might take during the process of
development (Mallidi & Sharma, 2021).

Each method has benefits and drawbacks. The suitability of each for a
particular project depends on factors including the level of flexibility, the nature of
the task at hand, and the level of team collaboration (Fehlman & Santillo, 2010).
Project managers, developers, and all other stakeholders in software development
projects must have a thorough awareness of the differences between these

techniques.

2.3 Comparison and evaluation of story points and man-day sizing measures

Effort estimation in software development has been a subject of research for several
decades. In recent years, the focus has shifted towards agile development
methodologies and their associated estimation techniques. Two widely used sizing

measures in the agile development process are story points and man-days.



Story points is a unit of measure for the complexity and effort required to
complete a user story or task in a project. They are a relative measure, as they do not
correspond directly to time or effort, but rather provide a means of comparison
between different tasks (Cohn, 2005). Man-days, on the other hand, represent the
number of working days required to complete a task, with one man-day equating to a
day's worth of work for one person (Ferguson, 1971).

In terms of strengths, story points provide a more abstract and flexible
measure of effort estimation, allowing teams to account for the varying levels of
complexity and uncertainty inherent in software development projects (Cohn, 2005).
This flexibility can be particularly beneficial when working with multidisciplinary
teams, where differences in skill sets, experience, and domain knowledge can impact
the effort required to complete a task (Deemer, Benefield, Larman, & Vodde 2012).

On the other hand, man-days provide a more concrete measure of effort
estimation, which can be beneficial for tracking and managing the progress of a
project (Zivadinovic, Medic, Maksimovic, Damnjanovic, & Vujcic, 2011). The man-
day estimation can be used for comparisons between estimated and actual effort, and
later it can be used for variance analysis. This data generated by the variance analysis
are useful for management control and decision making in areas such as resource
allocation, outsourcing of specific development activities, and learning from
adoption of new development tools and practices (Ooi & Soh, 2003). It can be
essential element in the calculation of estimated project costs and schedule.

When comparing these two measures, it is important to consider the context
in which they are being used. For example, in an agile environment where flexibility
and adaptability are key, story points may be more suitable, as they allow for

adjustments to be made as the project progresses (Deemer et al., 2012). Conversely,



in a more traditional software development process where strict timelines and
schedules are paramount, man-days can be the preferred measure.

Ultimately, the choice between story points and man-days will depend on the
specific project and team dynamics, as well as the goals and priorities of the
organization. Research has shown that the most accurate and reliable estimates are
achieved by leveraging the strengths of more than one sizing measures and

combining them in a hybrid approach (Fischer, 1981).



CHAPTER 3

LITERATURE REVIEW

Software development estimation methods are richly researched domain, and this
literature review intends to delve into it, focusing on the comparative exploration of
man-day and story points estimation techniques. The review is organized into five
sections, each detailed into a distinct but connected aspects that related to the process
of software development effort estimation.

The study initially explores the impact of experience in effort estimation,
outlining their influence on the accuracy of time predictions for task completion. In
second section, the importance of flexibility and adaptability due to the ever-
changing landscape of software projects is highlighted. The role of teamwork and
collaboration is underscored, detailing their contribution to more precise and
trustworthy estimates. The literature review also addresses the obstacles posed by
complexity and uncertainty in software development projects. Finally, it concluded
by emphasizing the crucial role of performance tracking in relation to effort
estimation, ultimately providing a broad framework for interpreting and

understanding the study's findings.

3.1 Experience and expertise in effort estimation

When software development tasks are precisely estimated, it is easier to make better
plans for timelines, resources, and finances (Boehm, 1984). The accuracy of the
effort estimates used in software projects is critical to the timely completion of those
projects. The team members' experience is crucial in predicting the time needed to

complete a task.

10



Many studies have investigated how experienced experts might be able to
assist with the estimation of software projects. It was demonstrated by Jergensen that
the use of expert opinion is more accurate in the estimation of effort than the use of
other estimation models (2004). The study indicated that using expert opinion in
conjunction with other methods of estimating yielded the greatest amount of valuable
information. Niessink and Van Vliet (1997) used an industrial software system as an
example, during which they observed 140 change tasks and compared the estimates
provided by the original experts to the estimates provided by formal estimating
models (function points and analogy). The estimates that were generated by
professionals had a higher degree of precision compared to those that were made
utilizing function points.

According to Tanveer, Guzman, & Engel (2017), having relevant
implementation experience contributes positively to estimation accuracy. In contrast,
they found that estimates made for similar backlog items in previously completed
sprints were not as important or relevant compared to other factors. This finding
suggests that the number of estimated projects might have a different impact on the
estimation accuracy than implementation experience.

Furthermore, Jorgensen & Grimstad (2012) indicated that both experienced
software professionals and those with varying self-assessed skill levels are
susceptible to estimation biases concerning interdependent tasks. Even though
experienced professionals understand complexities better, they can still be biased.
Highly skilled professionals may underestimate the resources needed due to
confidence in their abilities, while those with lower self-assessed skills might

overestimate the requirements for projects with low interdependence.
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As aresult, having the necessary expertise and experience is essential for
estimating the amount of work required for software development. Only experienced
software engineers and teams can accurately estimate the work needed to complete a

project successfully.

3.2 Flexibility and adaptability in effort estimation

The nature of software projects, which is constantly evolving, makes it hard to
accurately predict the amount of effort required. A project's needs, technology, and
overall scope may change significantly over time, impacting the time and resources
required to execute it. In order to get a reliable estimation, flexibility has to be
considered while planning the project.

Development flexibility is the ability to make changes to a product without
incurring significant additional costs. Thomke & Reinertsen (2012) propose that
development flexibility is a better approach than precise long-term forecasting
because it allows for more adaptability. Managers can use design technologies and
management methods to increase the "turning radius" of their development team,
reducing their reliance on exact long-term forecasting and lowering their risk
exposure. To reduce the number of necessary changes, one approach is to decrease
the development cycle time. However, it's equally important to minimize the costs
associated with necessary adjustments. This work explores how to limit the damage
caused by inaccurate forecasts and argues that adaptation can be crucial in achieving
this goal.

According to research by Molokken & Jorgensen (2005), projects using a
flexible development model (such as evolutionary or incremental) were more likely

to experience effort overruns of a smaller scale than comparable projects using a

12



sequential (waterfall) development model. Adaptability to changes and robustness
are also related to flexibility. Research has shown that agile methods promote
adaptability to changes, allowing teams to respond effectively to evolving
requirements (Begel & Nagappan, 2007). Robustness refers to the ability of a
software development process to withstand variations in its environment and is
considered an essential characteristic for effective software development, Jayaswal &
Patton (2006) suggest that robust software development model should be
implemented in order to ensure trustworthy software.

The diverse findings from studies suggest that it is essential to include
flexibility in the process in order to increase the accuracy of estimation in
development projects. By considering the possibility of modifications to the project's
needs and their capacity to handle those changes, development teams can improve
their accuracy. Teams can complete tasks more quickly and be better prepared for

any necessary revisions with this strategy.

3.3 Collaboration and teamwork in effort estimation

Effective teamwork and collaboration play a critical role in the success of software
development projects, particularly in the context of effort estimation (Deemer et al.,
2012). Software effort estimation is generally conducted as a cooperative process
where software experts from various disciplines merge their unique skills and
knowledge to complete a specific task (Borte & Nerland, 2010). Agile
methodologies, such as Scrum and Extreme Programming, emphasize the importance
of communication, collaboration, and shared decision-making among team members

to achieve more accurate and reliable effort estimates (Schwaber & Beedle, 2001).

13



In 2004, Molekken-@stvold and Jergensen conducted a study on the
effectiveness of group discussions in comparing and discussing estimates that were
previously made on an individual basis. The study found that estimates became more
accurate after group discussions compared to the average of the individual estimates.
This indicates that estimates made with teamwork have more accuracy than
individual estimates.

Jorgensen (2004) conducted a large industrial study that compared two
estimation approaches, namely top-down and bottom-up, to estimate software
projects. The study found that the bottom-up approach, which involves breaking
down the project into different activities and estimating their efforts separately before
adding them up, generally resulted in more accurate estimates. Additionally, the
study found that almost half of the time (49%) was spent on discussing the
requirements and context of the project, as well as breaking down the project into
activities.

Drescher & Garbers (2016) found that higher commonality within a team can
contribute to higher intended performance by fostering enhanced communication,
understanding, trust, and collaboration among team members. This improved
environment allows for more effective decision-making and increased motivation,
which ultimately leads to better performance. Lingard & Berry (2002) identify
participation as one of the critical factors affecting group performance in software
engineering projects. Active participation from all team members is essential for
efficient communication, decision-making, and problem-solving, which are crucial
for project success. Tanveer et al. (2017) considered estimates made for a similar
BLI in previously completed sprints, which can be interpreted as lessons learned, as

an important factor to improve estimation accuracy.

14



In conclusion, teamwork and collaboration are essential components of agile
development methodologies and contribute significantly to the accuracy of effort
estimation. By incorporating collaborative estimation techniques, teams can leverage
diverse perspectives and expertise, reducing the impact of cognitive biases and

producing more accurate and reliable estimates.

3.4 Complexity and uncertainty in effort estimation

Complexity and uncertainty are inherent aspects of software development projects,
posing significant challenges to the process of effort estimation (Boehm, 2012). As
the scope and complexity of tasks increase, accurately estimating the required effort
becomes increasingly difficult. To cope with this, tasks should be divided into
smaller pieces. (Jorgensen, 2004). Similarly, uncertain factors, such as changing
requirements, technological constraints, and personnel changes, contribute to the
challenge of producing reliable estimates (Glorath & Evans, 2006).

Agile development methodologies, with their focus on iterative and
incremental development, are designed to better handle complexity and uncertainty
(Highsmith & Cockburn, 2001). By breaking projects into smaller, manageable tasks
and continuously reassessing and adjusting effort estimates, development teams can
more effectively respond to changes and uncertainties that arise during the software
development process (Beck, 2000).

Several techniques have been proposed to address the challenges posed by
complexity and uncertainty in effort estimation. One such approach is the use of
expert judgment, which leverages the knowledge and experience of domain experts

to produce more accurate estimates (Jorgensen & Sjeberg, 2004). Another approach
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involves the use of historical data to compare the current project with similar past
projects to derive effort estimates (Kumar, Behera, Kumari, Nayak, & Naik 202).

Research has shown that incorporating uncertainty into effort estimation can
lead to more reliable results. For example, Jorgensen and Grimstad (2011) found that
providing developers with information about the uncertainty of their estimates led to
better calibration and improved accuracy. In addition, studies have suggested that
using a combination of estimation techniques can produce more accurate and reliable
estimates, as different methods may be better suited to handle different aspects of
complexity and uncertainty (Molekken-@stvold et al., 2008).

Zahraoui & Idrissi (2015) suggested that when estimating with story points,
the complexity factor should be considered. This complexity factor includes
dependencies on other systems and the clarity of the task, which can be interpreted as
the uncertainty of the task. Furthermore, Tanveer et al. (2017) emphasized that
underestimating the complexity of backlog items is a common challenge in agile
software development projects. This underestimation can lead to inaccurate effort
estimations, resulting in project delays, cost overruns, and reduced overall project
success.

In conclusion, complexity and uncertainty pose significant challenges to the
process of effort estimation in software development projects. Agile development
methodologies, along with a combination of estimation techniques, can help address
these challenges, allowing teams to more effectively manage and respond to the

complex and uncertain nature of software projects.
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3.5 Performance tracking and management in effort estimation

Performance tracking and management are crucial components of agile development
methodologies, as they enable teams to monitor progress, evaluate the effectiveness
of their estimates, and adjust their plans accordingly (Cohn, 2006). By regularly
monitoring progress and comparing actual effort to initial estimates, agile teams can
identify areas where their estimation practices may need refinement and take
corrective actions to improve future estimates (Rawsthorne, 2008).

One approach to performance tracking and management is the use of
burndown charts, which display the remaining work for a project or iteration in
relation to the time remaining (Cohn, 2006). Burndown charts serve as a valuable
tool for teams to visualize their progress and identify deviations from initial
estimates, enabling them to make necessary adjustments and maintain alignment with
project goals. By providing a clear representation of the remaining work in relation
to the time available, burndown charts help teams stay on track and make informed
decisions about the allocation of resources and effort (Chaudhuri & Chaudhuri,
2011).

Velocity, another performance metric commonly used in agile development,
measures the rate at which a team completes work, typically expressed as story
points per iteration (Cohn, 2005). By tracking and comparing their velocity over
multiple iterations, teams can gain insights into the consistency and accuracy of their
effort estimates, allowing them to refine their estimation processes and improve
overall project predictability (Rubin, 2012).

Research has shown that performance tracking and management can have a
significant impact on the accuracy of effort estimation in agile projects. Galorath and

Evans (2006) argue that teams that effectively implement performance tracking and
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management practices are more likely to produce accurate effort estimates and
achieve better project outcomes, such as on-time delivery and stakeholder
satisfaction. Galorath and Evans (2006) highlight the necessity of continuous
performance monitoring in ensuring alignment between effort estimates and actual
project progress. By implementing performance tracking techniques and utilizing
tools such as burndown charts and velocity measurements, teams can identify
deviations from initial estimates, adjust their plans accordingly, and ultimately
improve the overall estimation process.

MacDonell & Shepperd (2003) emphasizes the importance of using prior-
phase effort records to inform effort estimations during software projects. By
incorporating historical data, project managers can better understand the actual effort
expended on similar tasks in the past, leading to more accurate estimations of the
remaining work, which can be interpreted as the importance of recording estimations.
Galorath & Evans (2006) emphasized a positive correlation between performance
tracking and the level of quality in software projects. This means that projects that
consistently measure and track their performance are more likely to achieve higher
levels of quality. By identifying and addressing issues early in the development
process, project teams can improve the overall quality of their software products.
Srivastava, Trehan, Wagle, & Wang (2020) suggested high developer velocity
enables organizations to deliver software products faster and with higher quality,
allowing them to respond more effectively to changing market conditions and
customer needs. This agility can translate into improved business performance and a
competitive advantage.

To conclude, performance tracking and management play a critical role in the

effort estimation process, providing valuable feedback on the accuracy of estimates
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and enabling continuous improvement. By employing performance tracking
techniques, such as burndown charts and velocity tracking, teams can better
understand their progress, identify deviations from estimates, and make necessary

adjustments to ensure successful project delivery.
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CHAPTER 4

RESEARCH METHODOLOGY

4.1 Research design

The research design employed in this study is a quantitative, cross-sectional survey-
based approach to compare the man-day and story points effort estimation sizing
measures in the software development process. This design allows for the collection
of data from a large number of professionals at a single point in time, providing a
snapshot of the current state of practice in effort estimation (Evans & Mathur, 2005).

By using a survey, insights and opinions from professionals with various
levels of experience and backgrounds in software development are gathered. The
main objective of this research design is to determine the differences and similarities
between the two effort estimation methods in the context of experience, flexibility,
complexity, teamwork, and performance tracking, as well as their possible
subfactors, in light of excessive literature review.

To achieve this, a comprehensive two-part survey instrument has been
designed. The first part consists of demographic questions. These demographic
variables, including age, gender, experience, position, education, and sizing measure
are considered to provide context for the professionals' responses and to control for
potential confounding variables.

The second part focuses on the main factors (Experience, Flexibility, Complexity,
Teamwork and Performance Tracking) and their possible corresponding subfactors.
Each factor is represented by 9 to 15 questions, which participants are asked

to rate on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). This
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scale allows for the quantification of participants' attitudes and perceptions about the
different aspects of man-day and story points estimation methods.

To analyze the data and test the research hypotheses, descriptive statistics,
reliability analysis, factor analysis, and independent samples t-tests are used as

statistical analysis methods.

4.2 Participants and sampling

The participants in this study were professionals working in the software
development industry, who had experience using either the man-day or story points
effort estimation sizing measures. They represented a diverse range of occupations
within the field, including developers, analysts, project managers, managers, and
team leads. This diversity ensured a comprehensive representation of perspectives
and experiences in the study.

A non-probability, purposive sampling technique was employed to select
professionals who were knowledgeable and experienced in using either of the
estimation methods under investigation. This sampling approach allowed us to target
individuals who could provide valuable insights into the subject matter.

The survey was distributed through various online channels, including
professional chat groups and social media groups that catered to the specific
occupations of developers, analysts, project managers, managers, and team leading
professionals were informed about the purpose of the study, the anonymity of their
responses, and the voluntary nature of their participation.

By gathering a diverse and representative sample of professionals working in
the software development industry across various occupations, this study aims to

provide a comprehensive understanding of the differences and similarities between
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the man-day and story points effort estimation methods in the context of experience,
flexibility, complexity, teamwork, and performance tracking, as well as their possible

subfactors.

4.3 Data collection

The demographic information collected from the professionals included age,
position, education, sex, and the sizing measure they used in their professional
practice.

The total number of professionals in the study was 530, after the exclusion of 13
incoherent responses. Out of these, 268 professionals had experience using the man-
day estimation method, while 262 professionals were experienced in using the story
points estimation method. Data collection took place from January 2023 to March

2023.

4.4 Hypotheses
The main objective of this study is to compare the man-day and story points effort
estimation sizing measures in the context of experience, flexibility, complexity,
teamwork, and performance tracking. Based on the literature review, following
hypotheses are developed:

Hi: There is a significant difference in experience level of software
professionals using man-day and story points estimation methods.

H2: There is significant difference in the perceived flexibility of software
development processes using man-day and story points estimation methods.

H3: There is significant difference in the perceived complexity management

capabilities of man-day and story points estimation methods.
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Ha: There is significant difference in the perceived teamwork importance
between man-day and story points estimation methods.
Hs: There is significant difference on importance of performance tracking

between man-day and story points estimation methods.

4.5 Data analysis

The data analysis section of the study focuses on evaluating the collected data to
draw meaningful conclusions and insights regarding the comparison of man-day and
story points effort estimation sizing measures. The data analysis process comprises
several stages, as described below:

Data Cleaning and Preparation: The initial stage of the data analysis process
involves cleaning and preparing the collected data for further analysis. In this stage,
13 incoherent responses were identified and excluded from the dataset, resulting in a
final sample size of 530 professionals.

Descriptive Analysis: Descriptive statistics were computed for the
demographic variables, such as age, position, education, sex, and used sizing
measure, to better understand the composition of the participant sample and control
for potential confounding variables (Cohen, Manion, & Morrison, 2007).

Factor Analysis: The analysis conducted to identify possible subfactor for
each main factors to form structure for the study (Rummel, 1988).

Reliability Analysis: Cronbach's alpha reliability analysis was conducted on
the possible subfactors to ensure the internal consistency of the survey instrument
(George & Mallery, 2018).

Independent Samples T-Test: To test the hypotheses and identify any

significant differences between the man-day and story points estimation methods,
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independent samples t-tests were conducted. The t-test results will indicate whether
any statistically significant differences exist between the groups for the main factors
and their possible subfactors (Kim, 2015).

By following this structured data analysis process, the study aims to produce
valid and reliable findings that contribute to the understanding of man-day and story

points estimation methods in the software development process.
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CHAPTER 5

RESULTS AND FINDINGS

In this chapter, a detailed analysis of the findings from the survey conducted with
software professionals using either man-day or story points estimation methods are
presented. The purpose of this analysis is to identify and examine any significant
differences between these two groups concerning the main factors of experience,
flexibility, complexity, teamwork, and performance tracking, as well as their possible
corresponding subfactors.

The demographic characteristics of the participant sample are described, and
potential confounding variables are controlled for. Factor analysis result are shown to
identify underlying relationship between survey items. The results of the reliability
analysis, which was performed to ensure the internal consistency of the survey
instrument, are discussed. Finally, independent samples t-tests are used to test the
research hypotheses and identify any significant differences between the man-day
and story points estimation methods, as well as the demographic variables, such as
age, position, experience, and gender.

By the end of this chapter, valuable insights into the impact of man-day and
story points estimation methods on software development projects are aimed to be
provided, offering guidance for practitioners and researchers alike in the field of

effort estimation.

5.1 Demographic characteristics of the sample

In this section, the demographic characteristics of the survey participants are

presented to provide a comprehensive understanding of the sample's composition.
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These characteristics include age, position, education, gender, and the sizing measure
used by the professionals.

Age: The age distribution of the participants is described, highlighting the age
groups represented in the sample.

Position: The professional positions held by the participants, such as
developers, analysts, project managers, team leads, or upper-level managers, are
detailed.

Education: The education levels of the participants, including high school,
vocational school, bachelor’s, master’s or doctorate degree are presented.

Gender: The gender distribution of the sample is provided.

Used Sizing Measure: The proportion of participants using man-day and story
points estimation methods are reported, providing an overview of the sample's
preference for each technique.

By exploring the demographic characteristics of the sample, this section will
set the stage for a more in-depth analysis of the research hypotheses in the

subsequent sections of this chapter.

5.1.1 Age
The participant age distribution was separated into five distinct age categories, which
offers a clearer perspective on the age structure of the sample. The table below

displays the count and corresponding percentages for each age category.
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Table 1. Age Distribution of the Sample

Age Group # of Participants Percentage (%)
18-23 55 10.4%
24-30 196 37.0%
31-35 183 34.5%
36-45 70 13.2%

46+ 26 4.9%

Table 1 showcases the participant age distribution, separated into five specific
age categories, facilitating a clearer grasp of the sample's age characteristics. As
shown in the Table 1, the largest group of participants (37%) falls into the 24-30 age
range, closely followed by the 31-35 age range at 34.5%. Age groups 18-23 and 36-
45 have lower representation rates, at 10.4% and 13.2% respectively, while the
smallest percentage is seen in the 46+ age range, making up just 4.9% of all
participants.

This distribution highlights that most participants are comparatively young,
mainly ranging from 24 to 35 years old. This finding corresponds to the broader
demographic trend observed in the software development sector, in which a sizable

part of the workforce is commonly made up of young professionals.

5.1.2 Experience

The work experience in current position of the survey respondents was divided into

five categories to offer a clearer understanding of the sample's varying experience
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levels. The table below presents the count and corresponding percentages for each
experience category.

Table 2. Experience Distribution of the Sample

Experience # of Participants Percentage (%)
0-2 years 60 11.3
3-5 years 213 40.2
6-8 years 144 27.2
9-12 years 77 14.5
12+ years 36 6.8

Table 2 reveals that the majority of participants (40.2%) possess 3-5 years of
experience. Those with 6-8 years of experience comprise 27.2%. Participants with 0-
2 years of experience account for 11.3% of the sample. Individuals with 9-12 years
of experience represent 14.5%. The smallest group (6.8%) has 12 or more years of
experience.

This distribution of experience within the sample indicates that most survey
respondents have between 3 and 8 years of professional experience. This finding
aligns with the common demographic trend in the software development industry,
where a significant portion of the workforce consists of professionals in the

intermediate stages of their careers.

28



5.1.3 Position

The job titles held by the survey respondents were divided into five categories to
offer a clearer understanding of the sample's role distribution. The count and
corresponding percentages for each role are displayed in the table below.

Table 3. Position Distribution of the Sample

Position # of Participants Percentage (%)
Software Developers 205 38.7%
Analysts 237 44.7%
Project Managers 33 6.2%
Team Leads 29 5.5%
Managers 26 4.9%

Table 3 indicates that the majority of participants were Analysts (44.7%) and
Software Developers (38.7%). Project Managers, Team Leads, and Managers
constituted smaller percentages, at 6.2%, 5.5%, and 4.9% respectively.

The role distribution within the sample suggests that the survey mainly
targeted individuals directly engaged in the software development process, such as
Software Developers and Analysts. Participants in managerial and leadership
positions, like Project Managers, Team Leads, and Managers, formed a smaller

proportion of the sample.

5.1.4 Education

The education levels of the survey participants were categorized into five groups to

provide a better understanding of the sample's educational background. The number
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of participants and their relevant percentages for each education level are presented
in the table below.

Table 4. Education Level Distribution of the Sample

Education Level # of Participants Percentage (%)
High School Degree 3 0.6%
Vocational School Degree 11 2.1%
Bachelor’s Degree 475 89.6%
Master’s Degree 37 7.0%
Doctorate Degree 4 0.8%

Table 4 shows that 89.6% of participants have a bachelor’s degree. Master’s
degree holders are 7.0%, and vocational school graduates make up 2.1%. High
school degree holders make up 0.6% of the participants. Doctorate degree holders
represent a slightly higher proportion at 0.8%.

The education distribution of the sample indicates that most survey
participants had completed higher education in the form of an undergraduate degree.
This reflects the general trend in the software development field where a bachelor's

degree is often the minimum requirement for employment.

5.1.5 Gender

The gender composition of the survey participants was separated into male and
female to provide better insight into the sample's gender demographics. The table
below presents the number of participants and their corresponding percentages for

each gender.
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Table 5. Gender Distribution of the Sample

Gender Number of Participants Percentage (%)
Male 354 66.8%
Female 176 33.2%

According to Table 5, 66.8% of the sample were male. Female made up

33.2% of the total participants of the sample. The gender distribution of the sample

reflects the general trend in software development, where the workforce has

historically been predominantly male. However, including both male and female

views in the analysis helps avoid bias towards a single gender.

5.1.6 Sizing measure

The sizing measure used by the survey participants was categorized into two groups,
man-day and story points. The number of participants and their relevant percentages
for each sizing measure are presented in the table below.

Table 6. Sizing Measure Distribution of the Sample

Sizing Measure

# of Participants

Percentage (%)

Man-Day

268

50.6

Story points

262

49.4

As seen in the Table 6, the participants were almost equally divided between
the two estimation methods. Man-day estimation was used by 50.6% of the sample,
while story points estimation was used by 49.4% of the participants. This balanced

representation ensures that the analysis will provide a fair comparison of the two
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estimation methods, considering the perspectives of professionals who use each

method.

5.2 Factor analysis

Following the assessment of demographic structure of the survey participants, the
next essential step in our analytical process is to examine the underlying structure of
the survey through factor analysis. In this section, the factorability of the
questionnaire items is assessed to determine the existence of coherent subsets that
reflect different aspects of the construct under study. Factor analysis enables us to
understand the patterns of relationships among the items and to explain the variance
among the observed variables in terms of a smaller number of unobserved variables,
known as 'factors'. This powerful statistical method helps to simplify the data,
reduces the risk of multicollinearity in subsequent analyses, and facilitates more
accurate and meaningful interpretation of the results. The pattern matrix resulting
from the factor analysis, which illustrates the factor loadings of each item, can be
found in the subsequent tables except loading values between -0.30 and 0.30.

Upon examination of the factor analysis results, with loading cumulative
score of 59.2% and KMO measure of sampling accuracy of .668, it became apparent
that certain items were not exclusively loading onto a single factor. These cross-
loading items, in effect, exhibited strong associations with more than one factor,
indicating a potential overlap in the constructs they measure. According to Howard
(2006), it would be preferable to eliminate the cross-loading items, particularly if
there are sufficient strong loaders in the factor loading dimensions and the cross-
loading items have factor loading scores above 0.3. In result, survey items

Experience - 4, Experience — 5, Experience - 6 are deducted from the study.
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Table 7. Pattern Matrix of Cross Loading Items

Item Component 1 | Component 2 Component 3

Experience — 1 769

Experience — 2 770

Experience — 3 816

Experience — 4 448 342

Experience — 5 465 425 338
Experience — 6 419 462 314
Experience — 7 .649

Experience — 8 .807

Experience — 9 724

Experience — 10 -.623
Experience — 11 -.684
Experience — 12 -.679

Following the careful consideration and subsequent removal of the cross-
loading items, a new factor analysis was performed to examine the robustness of the
constructs of the study, with result of loading cumulative score of 70.1% and KMO
measure of sampling accuracy of .783. In the factor analysis conducted for this
research survey, three main components were extracted from the set of experience-
related questions. These components appear to represent distinct facets of the broader
concept of experience. The first component comprised of questions labeled
Experience-1, Experience-2, and Experience-3 and primarily represented the aspect
of self-assessment subfactor. It seems to capture respondents' self-perceptions or
judgments about their own skills, abilities, and experiences. The second component,
containing questions Experience-7, Experience-8, and Experience-9, reflected the
respondents' number of estimated projects subfactor, serving as a more quantifiable,

objective measure of their experience. Finally, the third component, encompassing
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Experience-10, Experience-11, and Experience-12, revolved around the theme of
implementation experience subfactor, capturing hands-on, practical experience or
knowledge gained from directly applying concepts or theories in real-world contexts.
These three components collectively provide a multifaceted understanding of the
experience construct as it applies to the survey participants. Detailed factor loadings
for each construct can be found in Table 7.

Table 8. Pattern Matrix of Survey Items - 1

Item

Component 1

Component 2

Component 3

Experience-1

791

Experience-2

819

Experience-3

818

Experience-7

125

Experience-8

.802

Experience-9

763

Experience-10

-.817

Experience-11

-.792

Experience-12

-.817

Following the careful consideration and subsequent removal of the cross-
loading items, a new factor analysis was performed to examine the robustness of the
constructs of the study, with result of loading cumulative score of 70.1% and KMO
measure of sampling accuracy of .783. In the factor analysis conducted for this
research survey, three main components were extracted from the set of experience-
related questions. These components appear to represent distinct facets of the broader
concept of experience. The first component comprised of questions labeled
Experience-1, Experience-2, and Experience-3 and primarily represented the aspect
of self-assessment subfactor. It seems to capture respondents' self-perceptions or

judgments about their own skills, abilities, and experiences. The second component,
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containing questions Experience-7, Experience-8, and Experience-9, reflected the
respondents' number of estimated projects subfactor, serving as a more quantifiable,
objective measure of their experience. Finally, the third component, encompassing
Experience-10, Experience-11, and Experience-12, revolved around the theme of
implementation experience subfactor, capturing hands-on, practical experience or
knowledge gained from directly applying concepts or theories in real-world contexts.
These three components collectively provide a multifaceted understanding of the
experience construct as it applies to the survey participants. Detailed factor loadings
for each construct can be found in Table 8.

Table 9. Pattern Matrix of Survey Items - 2

Item

Component 4

Component 5

Component 6

Flexibility-1

-.805

Flexibility-2

-.762

Flexibility-3 -.827

Flexibility-4 824

Flexibility-5 718

Flexibility-6 167

Flexibility-7 .685

Flexibility-8 815

Flexibility-9 .837

The outcomes at Table 9 affirmed the integrity of the constructs. The factor
analysis of the questions concerning flexibility resulted in the formation of three
distinct components, each representing a unique dimension of flexibility. The first
component consisted of questions Flexibility-1, Flexibility-2, and Flexibility-3 and
was centered around the theme of flexibility in process subfactor. This dimension
captures the adaptability and versatility of methods in adjusting their estimates in

response to varying circumstances. The second component, including questions

35



Flexibility-4, Flexibility-5, and Flexibility-6 focused on adaptability to changes
subfactor. It appears to assess the capacity to modify or transform estimates to
effectively deal with new or changing environments, conditions or situations. The
third component, with questions Flexibility-7, Flexibility-8, and Flexibility-9,
revolved around the theme of robustness subfactor, capturing the ability to maintain
estimation accuracy in the face of disturbances or adversities. Collectively, these
components provide a comprehensive picture of the concept of flexibility as it is
captured by this survey.

Table 10. Pattern Matrix of Survey Items - 3

Item Component 7 | Component 8 | Component 9

Complexity-1 -.823

Complexity-2 =776

Complexity-3 -.806

Complexity-4 .804

Complexity-5 .824

Complexity-6 .790

Complexity-7 727

Complexity-8 .807

Complexity-9 .847

The complexity-related questions in the research survey were parsed into
three unique components via factor analysis, each addressing a different facet of
complexity. The first component comprised questions Complexity-1, Complexity-2,
and Complexity-3 and revolved around the theme of dependencies on other systems
subfactor. This dimension gauges the interdependence of various systems, and the
complexity that arises from managing these dependencies while making estimations.
The second component contained questions Complexity-4, Complexity-5, and

Complexity-6 and focused on backlog item complexity subfactor, representing the
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difficulty associated with individual tasks or items in a project's backlog. The final
component, consisting of questions Complexity-7, Complexity-8, and Complexity-9,

captured the theme of task uncertainty subfactor. This component measures the level

of ambiguity and unpredictability associated with tasks, thereby assessing another

key aspect of complexity. Together, these components provide a well-rounded

understanding of the multifaceted nature of complexity within the survey's context.

Table 11. Pattern Matrix of Survey Items - 4

Item

Component 10

Component 11

Component 12

Teamwork-1

-.805

Teamwork-2

-.796

Teamwork-3

-.636

Teamwork-4

770

Teamwork-5

763

Teamwork-6

157

Teamwork-7

739

Teamwork-8

742

Teamwork-9

740

The factor analysis of the teamwork-related questions led to the construction

of five distinct components, each addressing a unique aspect of team dynamics. The

first component, encompassing questions Teamwork-1, Teamwork-2, and

Teamwork-3, centered on the theme of trust on each other subfactor. This dimension

captures the level of trust and mutual reliance among team members in effort

estimation. The second component, derived from questions Teamwork-4, Teamwork-

5, and Teamwork-6, represented participation subfactor. It measures the degree of

active involvement and contribution of each team member to the group tasks about

effort estimation. The third component, consisting of questions Teamwork-7,
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Teamwork-8, and Teamwork-9, related to team member competency subfactor,

assessing the skill level of individual team members while making estimations.

Table 12. Pattern Matrix of Survey Items - 5

Item

Component 13

Component 14

Teamwork-10 -.819
Teamwork-11 -.827
Teamwork-12 -.765
Teamwork-13 =817
Teamwork-14 -.872
Teamwork-15 -.833

The fourth component, which comprised questions Teamwork-10, Teamwork-11,

and Teamwork-12, focused on commonalities subfactor. It evaluates the shared

rituals within a team that facilitate effective collaboration while making effort

estimation. Lastly, the fifth component, consisting of questions Teamwork-13,

Teamwork-14, and Teamwork-15, was themed around learning from experience

subfactor. This component gauges the team's ability to learn and adapt based on past

experiences or challenges. Together, these components offer a comprehensive

evaluation of the team dynamics at play within the survey context.

Table 13. Pattern Matrix of Survey Items - 6

Item

Component

Component

Component

Performance Tracking-1

-.901

Performance Tracking-2

-.893

Performance Tracking-3

-.883

Performance Tracking-4

-.855

Performance Tracking-5

-.881

Performance Tracking-6

-.894

Performance Tracking-7

187

Performance Tracking-8

791

Performance Tracking-9

.823
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In the factor analysis conducted on the performance tracking related
questions, three distinctive components were identified, each encapsulating a
different facet of performance tracking. The first component was constructed with
questions Performance Tracking-1, Performance Tracking-2, and Performance
Tracking-3, and centered on the concept of velocity subfactor. This dimension
measures the speed at which tasks or projects are completed, providing a dynamic
assessment of performance over time. The second component, consisting of
questions Performance Tracking-4, Performance Tracking-5, and Performance
Tracking-6, was themed around the level of quality subfactor. This offers an
evaluation of the standard or grade of the completed work, contributing a measure of
performance quality to the analysis. The third component, built from questions
Performance Tracking-7, Performance Tracking-8, and Performance Tracking-9, was
concerned with recording estimations subfactor. This component related to
importance and ease in recording estimations. Together, these components offer a
comprehensive framework for understanding and assessing various dimensions of

performance tracking in the research context.

5.3 Reliability analysis

Names of subfactors is given in previous section in light of literature review. Also,
relationship between subfactors and main factors in literature is mentioned in
Chapter 2. Before proceeding with the analysis of the research hypotheses, it is very
important to ensure the internal consistency of the survey. Before proceeding with
the analysis of the research hypotheses, it is very important to ensure the internal
consistency of the survey. In this section, the reliability analysis on the determent

sub-factors within the scope of the study is checked. The purpose of this analysis is
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to determine to what extent the questionnaire items measuring each determined
subfactor are consistent with each other and thus to provide confidence in the results
obtained from the questionnaire responses. Cronbach's alpha, a widely used internal
consistency measure, is used to evaluate the reliability of the determined subfactors.
Reliability analysis results can be seen table below.

Table 14. Cronbach’s Alpha Values of Items of Determined Subfactors for each

Main Factor

Main Factor Determined Subfactor Cronbach’s
Implementation Experience 0.750
Experience # of Estimated Project 0,721
Self-Assessment 0,799
Flexibility in Process 0,748
Flexibility Adaptability to the Changes 0,733
Robustness 0,730
Trust on Each Other 0,728
Commonalities 0,786
Teamwork Learn from Experience 0,826
Team Member Competency 0,704
Participation 0,749
Dependencies on Other Systems 0,750
Complexity Backlog Item Complexity 0757
Uncertainty of the Task 0,748
Recording Estimations 0,750
Performance Tracking Level of Quality 0,865
Velocity 0,888
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The results of the reliability analysis, as displayed in Table 14, indicate that
all Cronbach's alpha values are greater than 0.7. This demonstrates a high level of
internal consistency among the determined subfactors. A Cronbach's alpha value
above 0.7 is generally considered acceptable and indicates that the survey items are
reliable and measuring the intended constructs effectively (Cortina, 1993).

The high reliability of the determined subfactors provides confidence in the
data obtained from the survey responses and ensures that the analysis and
interpretation of research hypotheses is based on consistent and reliable information.
As aresult, the findings from this study are more likely to be valid and can be used to
draw meaningful conclusions about comparing man-day and story points estimation
methods in the context of experience, flexibility, complexity, teamwork, and

performance tracking.

5.4 Independent samples t-test

Upon completion of the multiple reliability analysis, the research will proceed to
evaluate the differences between the man-day and story points estimation methods
using independent samples t-tests. This statistical technique enables the comparison
of the means of two distinct groups to determine if a significant difference exists
between them for a specific variable. In the context of this investigation, the
independent samples t-test is applied to test the research hypotheses concerning the
disparities in experience, flexibility, complexity, teamwork, and performance
tracking between the two groups. The outcomes of the independent samples t-tests
will offer valuable insights into the contrasts between man-day and story points
estimation methods, aiding in the identification of any significant differences in the

main factors and their determined subfactors.
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5.4.1 Comparison of man-day and story points estimation methods in main factors
In order to explore and evaluate the differences in the main factors between the man-
day and story points estimation methods, the study employed the use of independent
samples t-tests. These tests were conducted with the specific objective of comparing
the mean values of the key influencing factors between these two different estimation
approaches. To aid in the interpretation and understanding of our results, the study
has provided the significance levels for each factor, which are calculated based on a
2-tailed test.

Table 15. Independent Samples T-tests of Main Factors

Main Factor Significance Level (2-tailed)
Experience 0,220
Flexibility 0,409
Teamwork 0,215
Complexity 0,103
Performance Tracking 0,098

The t-test result for experience shows a significance level of 0.22, which is
greater than the threshold of 0.05. This indicates that there is no significant
difference in the experience level of software professionals using man-day and story
points estimation methods. Hence, H1 is rejected.

The t-test result for flexibility yields a significance level of 0.409, which is
above the threshold of 0.05. This suggests that there is no significant difference in
the perceived flexibility of software development processes using man-day and story

points estimation methods. Consequently, H2 is rejected.
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The t-test result for teamwork presents a significance level of 0.215, which is
greater than the threshold of 0.05. This finding implies that there is no significant
difference in the perceived teamwork importance between man-day and story points
estimation methods. Thus, H3 is rejected.

The t-test result for complexity displays a significance level of 0.103, which
is above the threshold of 0.05. This result indicates that there is no significant
difference in the perceived complexity management capabilities of man-day and
story points estimation methods. Thus, H4 is rejected.

The t-test result for performance tracking shows a significance level of 0.098,
which is greater than the threshold of 0.05. This finding suggests that there is no
significant difference in the importance of performance tracking between man-day
and story points estimation methods. As a result, Hs is rejected.

Based on the t-test results, it can be concluded that there are no significant
differences between man-day and story points estimation methods in terms of

experience, flexibility, teamwork, complexity, and performance tracking.

5.4.2 Comparison of man-day and story points estimation methods in determined
subfactors

The independent samples t-tests were conducted to compare the means of the
determined subfactors between the man-day and story points estimation methods,
determined subfactor items were averaged. The significance levels (2-tailed) for each

subfactor are provided in table below.
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Table 16. Independent Samples T-tests of Determined Subfactors

Main Factor Determined Subfactor Significance Level (2-
Implementation Experience 0,383
Experience Number of Estimated Projects 0,095
Self-Assessment 0,404
Flexibility in Process 0,179
Flexibility Adaptability to the Changes 0,710
Robustness 0,000
Trust on Each Other 0,154
Commonalities 0,985
Teamwork Learn from Experience 0,717
Team Member Competency 0,331
Participation 0,159
Dependencies on Other Systems 0,080
Complexity Backlog Item Complexity 0,774
Uncertainty of the Task 0,000
Performance Recording Estimations 0,778
Tracking Level of Quality 0,014
Velocity 0,542

As can be seen on Table 16, there are significant differences between the
man-day and story points estimation methods for the determined subfactors of
Robustness and Uncertainty of the Task, as their values are 0, which is below the
threshold of 0,05. On average, professionals who use the story points method scored
3,521 while professionals who use man-day are scoring 3,884 on Robustness.
Moreover, on average, professionals who use the man-day method scored 3,501

while professionals who use story points are scoring 4,058 on Uncertainty of the
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Task. Additionally, Level of Quality shows a significant difference with a value of
0,014, which is also below the threshold. While professionals who use man-day
method are scoring 3,633 on average, professionals who use story points technique
scored 3,924. For the remaining determined subfactors, the significance level being
greater than 0.05 indicates that there is no significant difference between the two

estimation methods.
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CHAPTER 6
CONCLUSION
This chapter discusses the results obtained in the research, indicates potential
similarities and differences of professionals' tendencies between man-day and story
point approach, explains the limitations faced and finally, offers suggestions for

future research.

6.1 Discussion of the results

In this study, a total of 5 hypotheses were formulated to examine the relationships
between main factors and their determined subfactors and to identify potential
differences between software professionals who use man-day or story points. The
findings were supported by empirical evidence derived from independent samples t-
tests with using SPSS data analysis tool.

Hypotheses H1, H2, H3, H4, Hs focused on the comparison of the main
concepts between professionals using man-day and story points estimation methods.
The interpretation of the hypotheses and findings aimed to determine if there are
significant differences between man-day and story points estimation methods in
terms of experience, flexibility, teamwork, complexity, and performance tracking.
Findings show that H1, H2, H3, H4, Hs are rejected.

The first hypothesis suggested a significant difference in the experience level
of software professionals using man-day and story points estimation methods,
assuming as professionals get more experienced, they tend to choose either one of
the estimation methods. However, our findings do not support the hypothesis,
indicating that both novice and experienced software professionals employ both

methods. In addition, no difference is found in independent samples t-test for
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subfactors that related to experience in this study. This is dissonant with findings
from previous research, suggesting that the choice of estimation technique is
significantly influenced by the experience level (Prayitno et al. 2020). The difference
between our results and the literature may stem from the nature of our sample. In
total, survey participants who has 0-5 years of experience takes up to 51% of sample
in our study. The weight of less experienced survey participants may influence the
study result.

The second hypothesis suggested a significant difference in the perceived
flexibility between the man-day and story points estimation methods. With
assumption of story points technique’s advantage of flexible estimation unit model
(Fibonacci series), H2 is developed. According to results, it is concluded that either
method that study tested is indifferent from each other in terms of perceived
flexibility. Our result contradicts with suggestions of Anastasiya & Viktoria (2020),
since they indicate that story points method is more flexible compared to man-day
approach. In addition, surprisingly, independent samples t-test for subfactors
indicates that professionals who use man-day approach believe that their technique is
more robust than story points users. The time series that man-day method utilize may
be the cause of this unexpected result, since it perceived less abstract than story
points method. In the man-day approach, the effort is assigned in a precise time, for
instance 2 days or 3 weeks. In contrast, in story points method, effort is assigned
according to Fibonacci series that represent the value of a task and values may differ
team to team. This makes man-day method to be understood easily by every
stakeholder and project the costs better than story points method.

The third hypothesis suggested a significant difference in the perceived

complexity management capabilities between the man-day and story points
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estimation methods. Presuming story points method is more preferable compared to
man-day method. However, results of the study indicates that there is no significant
difference between man-day and story points approach. Hence, H3 is rejected. In
contrast to study result. Sree et al. (2019) suggests that use case points, story points
and functional points methods are more preferable for effort estimation in the early
stage of software development compared to other models in case of development
complexity. The lack of significant differences may be attributed to the similar
fundamental principles underlying both methods. They aim to estimate the effort
required for software development tasks, considering task complexity. Still given no
significant differences on complexity aspect of both method, story points method
users believe that when task possess uncertainties their method is more favorable
compared to man-day method.

Since, story points method is applied variously in different development
teams, it requires consensus on unit identification by team members. This condition
necessitates more collaboration compared to man-day approach which only estimates
individuals’ work effort. By considering this, H4 is proposed, in favor of story points
method. However, according to study result, it can be seen that there was no
difference between man-day and story points approach in case of perceived
teamwork importance. In addition, no significant differences are found in subfactors
that related to teamwork either. This result aligns with the study of Moe & Dingseyr
& Dyba (2010) that indicates regardless of the estimation method used, teamwork is
considered equally essential in software development projects. Both findings reflect
the inherent team-oriented nature of software development work and the essential
role of collaboration and coordination, regardless of the specific effort estimation

method employed.
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The choice of an accurate measure is crucial because different estimation
techniques behave differently based on the accuracy measures used. This suggests
that the choice of estimation technique may consider the need for accurate
performance tracking to evaluate the effectiveness of the chosen technique. In this
manner, the study aimed to investigate which method is more favorable in term of
performance tracking. In order to investigate comparison, Hs is proposed, in favor of
man-day estimation method. Man-day estimation method assign actual timely effort
to complete task while story points use abstract Fibonacci series model. With this
nature, man-day approach is expected to be more precise to monitor individuals’
performance. However, according to our study results, it can be concluded that there
is no difference between man-day and story points method in terms of importance of
performance tracking. Idri et al. (2017) emphasize the significance of choosing a
reliable estimation accuracy measure. Our result align with this research’s result, in
terms of comparing man-day and story points techniques in context of performance
tracking. Both techniques are assessed equally by the participants. On the other hand,
surprisingly, level of quality which is a performance tracking subfactor found to be
more favorable by story points users compared to man-day method users. It is
assumable since while assigning in story points method, practitioners also focus on
the complexity and quality rather than merely the time it would take to complete it.

In conclusion, the results suggest that man-day and story points estimation
methods are not significantly different in terms of experience level of software
professionals, perceived flexibility of software development processes, perceived
teamwork importance, perceived complexity management capabilities and the

importance of performance tracking.
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6.2 Implications of the research

This study has significant implications for both academia and the software industry,
particularly in relation to effort estimation techniques, man-day and story points
methods. Firstly, it challenges the previously held belief that experience level
significantly influences the selection of estimation methods, implying that both
novice and experienced software professionals employ both methods
indiscriminately. This understanding could be fundamental in further research and in
professional practices, as it brings to light the importance of individual and team
preferences, knowledge, and contextual factors in the choice of estimation
techniques. Secondly, the study results provide a nuanced perspective on the
perceived flexibility, complexity management, teamwork importance and
performance tracking between man-day and story points methods, an area that was
previously believed to be distinctive. The study findings emphasize that professionals
do not perceive one method as inherently superior to the other in these aspects,
offering critical insights to the organizations and practitioners. This suggests that the
focus should be on how the techniques are utilized and tailored to meet unique

project requirements, rather than which technique is theoretically superior.

6.3 Limitations and future research suggestions
The present study has provided valuable insights into the differences between
software professionals in various aspects. However, there are still several areas that
can be explored in future research to further our understanding of the software
development field.

One of the limitations of this study pertains to the data collection method

concerning the sizing measures used by participants. In our survey, participants were
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asked to provide information solely about their current sizing measures, either man-
day or story points. This approach might have limited our understanding of the full
range of sizing measures that participants may have experience with or the potential
influences of their past practices on their current perspectives. Furthermore, it does
not account for possible variations in the interpretation and application of these
methods across different contexts. In future research, it would be beneficial to gather
information about all the sizing measures that the participants have used in their
careers. This could provide a more comprehensive picture of their experiences and
potentially reveal more nuanced insights into the relative strengths and weaknesses
of different estimation methods.

Secondly, the present study focused on specific factors, such as experience,
flexibility, complexity, teamwork, and performance tracking. Future research could
explore additional factors that may influence software professionals' work, such as
communication styles, leadership, and work-life balance. Besides that, longitudinal
studies could be conducted to investigate how software professionals' perspectives on
main and determined subfactors evolve over time. This would allow researchers to
better understand the factors that contribute to the preferences of estimation methods.
Also, future studies may benefit from incorporating qualitative research methods,
such as interviews or focus groups, to obtain more in-depth insights into software
professionals' experiences and perspectives. This could help uncover the underlying

reasons for observed differences or similarities in various aspects of the study.
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APPENDIX

SURVEY QUESTIONS

Section 1

1. Yazilim gelistirme alaninda kag y1l deneyiminiz var?
(How many years of experience do you have in the field of software
development?)

2. Kag yasinizdasiniz?

(How old are you?)
3. Pozisyonunuz?
(What is your position?)
4. Cinsiyetiniz?
(What is your gender)
5. Mezuniyet durumunuz?
(What is your graduation status)
6. Kullandigiiz eforlama o6lg¢iitii hangisidir?

(Which effort estimation measure do you use?)

Section 2

1. Kullanilan yazilim diline hakimiyetin eforlama verirken 6nemli oldugunu
diisiiniiyorum.
(I believe that mastery of the programming language used is important when

giving effort estimation.)
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2. Kullanilan yazilim dilinde deneyimli oldugumu diisiiniiyorum.
(I consider myself experienced in the programming language that I use.)

3. Kullanilan eforlama 6lgiitiinde deneyimli oldugumu diisiiniiyorum.
(I consider myself experienced in the effort estimation measure that I use.)

4. Yazilim gelistirme alaninda deneyimli bir ¢alisan oldugumu diisiiniiyorum.
(I consider myself an experienced employee in the field of software
development.)

5. Yazilim gelistirme alaninda deneyim yilinin 6nemli bir faktoér oldugunu
diisiiniiyorum.
(I think that years of experience in software development is an important

factor.)

6. Yazilim gelistirmede eforlama 6l¢iitiinii kullanma deneyiminin 6énemli bir
faktor oldugunu diisiiniiyorum.
(I think that experience in using the effort estimation measure in software
development is an important factor.)

7. Gegmiste eforlama Sl¢iitii ile yapilan proje sayisinin dogru eforla
yapilmasinda 6nemli bir 6l¢iit oldugunu diigiiniiyorum.
(I think that the number of projects done with the effort estimation measure
in the past is an important criterion for accurate effort estimation.)

8. Kullanilan eforlama 6l¢iitiinde tecriibelenmek i¢in ¢ok sayida proje
tahminleme yapilmasi gerektigini diigiiniiyorum.
(I think that many project estimations need to be made to gain experience in
the effort estimation measure that I use.)

9. Cok sayida projede eforlama yapmis takim iiyelerinin daha deneyimli

oldugunu diisliniiyorum.
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(I think team members who have made effort estimations in many projects
are more experienced.)

10. Kullanmakta oldugum eforlama 6lgiitiine ve efor vermeye hakim oldugumu
diisiiniiyorum.
(I think I am proficient in the effort estimation measure I am using and in

estimating effort.)

11. Kullanmakta oldugum yazilim dillerine hakim oldugumu diisiiniiyorum.
( I think I am proficient in the programming languages I am using.)

12. Yazilim gelistirme siireclerine hakim oldugumu diistiniiyorum.
(I think I am proficient in software development processes.)

13. Yazilim gelistirme sektoriinde deneyimli bir bireyim.
(I am an experienced individual in the software development industry.)

14. Kullanilan eforlama 6lgiitliniin eforlama siirecinde esneklik sagladigini
diisiiniiyorum.
(I think the effort estimation measure that I use provides flexibility in the
effort estimation process.)

15. Kullanilan eforlama Slgiitiiniin siiregteki degisikliklere uyumlu oldugunu
diisiiniiyorum.
(I think the effort estimation measure that I use is adaptable to changes in the
process.)

16. Gereksinimlerde degisiklik olma durumunda kullanilan eforlama 6l¢iitiiniin
esneklik sagladigini diigiiniiyorum.
(I think the effort estimation measure that I use provides flexibility in case of

changes in requirements.)
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17.

18.

19.

20.

21.

22.

23.

24.

Eforlama ol¢iitiiniin tekrar planlama gerektiren durumlarda kolaylik
yarattigini diisliniiyorum.

(I think the effort estimation measure that [ use creates ease in situations
requiring replanning.)

Planlanan eforlamay1 rahatca degistirebildigimi diisiinliyorum.

(I think I can easily change the planned effort estimation.)

Kullanilan eforlama 6l¢iitiiniin gereksinimlerde degisiklik olmasi durumunda
uyumlu oldugunu diisiiniiyorum.

(I think the effort estimation measure that I use is compatible in case of
changes in requirements.)

Eforlamada sonradan yapilan degisikliklerin yapilan islerde sikinti
yaratmadigini diigiiniiyorum.

(I think changes made later in effort estimation do not cause problems in the
work done.)

Eforlamada yapilan degisikliklerin teslim tarihine etkisinin az oldugunu
diisiiniiyorum.

(I think the impact of changes made in effort estimation on the delivery date
is minimal.)

Eforlama 0l¢iitiiniin planlamadaki degisikliklere kars1 direngli bir yapida
oldugunu diisliniiyorum.

(I think the effort estimation measure is resistant to changes in planning.)
Kullandigim eforlama 6l¢iitii esnek yapidadir.

(The effort estimation measure that I use is flexible.)

Ekip iiyelerinin diger iiyelerin eforlama tahminlerine giivendigini

diisiiniiyorum.
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25.

26.

27.

28.

29.

30.

31.

32.

(I think team members trust the effort estimations of other members.)

Ekip iiyelerinin diger iiyelerin eforlama yorumlarina glivendigini
diisiiniiyorum.

(I think team members trust the effort estimation comments of other
members.)

Eforlama yaparken ekip igerisinde soziine daha fazla giivenilen kisiler
oldugunu diisliniiyorum.

(I think there are people whose words are trusted more when making effort
estimations within the team.)

Ekip tiyelerinin eforlama 6l¢iitiinii agikc¢a anladigini diisiiniiyorum.

(I think team members clearly understand the effort estimation measure.)
Ekip iiyelerinin eforlama siireclerine hakim olduklarini diisiiniiyorum.

(I think team members are proficient in effort estimation processes.)

Ekip iiyelerinin eforlama i¢in belirlenen ritiielleri takip ettigini diislinliyorum.
(I think team members follow the rituals for effort estimation.)

Ekip olarak ge¢miste yapilan eforlamalarin degerlendirmesini iyi yaptigimizi
diisiiniiyorum.

(I think as a team we evaluate past effort estimations well.)

Ekip olarak gecmiste yapilan eforlamalarin dogruluk derecesini iyi takip
ettigimizi diigliniiyorum.

(I think as a team, we monitor the accuracy of past effort estimations well.)
Ekip olarak gecmiste yapilan hatali eforlamalarin nedenleri hakkinda
degerlendirme yaptigimizi diigtiniiyorum.

(I think as a team, we evaluate the reasons for incorrect effort estimations

made in the past.)
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33.

34.

35.

36.

37.

38.

39.

40.

41.

Takim tiyelerinin yeterliliklerine giiveniyorum.

(I trust the competencies of team members.)

Takim tiiyelerinin eforlama 6lg¢iitii hakkinda net bilgi sahibi oldugunu
diisiiniiyorum.

(I think team members have clear knowledge about the effort estimation
measure.)

Takim tiyelerinin dogru sekilde eforlama yaptigini diisiiniiyorum.

(I think team members make effort estimations correctly.)

Ekip iiyelerinin eforlama siirecine dahil olduklarini diisiiniiyorum.

(I think team members are involved in the effort estimation process.)

Ekip iiyelerinin diger iiyelerin eforlama tahminleri hakkinda yorumda
bulunduklarini diisliniiyorum.

(I think team members comment on other members' effort estimations.)
Yapilacak islerin eforlarina ortak sekilde karar verildigini diisiiniiyorum.

(I think a collective decision is made on the effort of the tasks to be done.)
Takim ¢alismas1 eforlamada dnemli olmustur.

(Teamwork has been important in effort estimation process.)

Yapilacak gelistirmede diger sistemlere bagimliliginin fazla olmasinin
eforlamay1 zorlastiracagini diistintiyorum.

(I think the high dependency on other systems in the development to be made
will complicate the effort estimation.)

Kullanilan eforlama 6l¢iitiiniin diger sistemlere bagimlilik konusunda engel
olmadigini diisiiniiyorum.

(I think the effort estimation measure that I use does not hinder the issue of

dependency on other systems.)
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42.

43.

44,

45.

46.

47.

48.

Kullanilan eforlama 6l¢iitiin diger sistemlere bagimliligin kompleksligi
arttirmadigini diisliniiyorum.

(I believe that the effort estimation measure that I use does not increase the
complexity of dependence on other systems.)

Tasklarin kompleks olmasinin eforlamayi zorlastirdigini diistiniiyorum.

(I think the complexity of tasks makes effort estimation difficult.)

Eforlama olciitiiniin kompleks projelerde gerceklesen ve planlanan efor
arasindaki farka etkisi oldugunu diistiniiyorum.

(I believe that the effort estimation measure has an effect on the difference
between actual and planned effort in complex projects.)

Kullanilan efor 6l¢iitiiniin kompleks tasklar1 eforlamada kolaylik sagladigini
diisiiniiyorum.

(I think the effort estimation measure that [ use makes it easy to estimate
complex tasks' effort.)

Kullanilan eforlama 6l¢iitiiniin belirsizligi fazla olan islerde yararli oldugunu
diisiiniiyorum.

(I believe the effort estimation measure that I use is useful in tasks with high
uncertainty.)

Belirsizlik bulunan tasklarda eforlama 6l¢iitiiniin, hata payinin artmasina
sebep oldugunu diisiiniiyorum.

(I believe that the effort estimation measure that I use increases the margin of
error in tasks with uncertainty.)

Belirsizlik igeren tasklar1 eforlamada gii¢liik ¢ektigimi diigiintiyorum.

(I think I have difficulty in effort estimation in case of tasks with

uncertainty.)
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49.

50.

51.

52.

53.

54.

55.

56.

Kullanilan eforlama 6l¢iitii kompleks degildir.

(The effort estimation measure that I use is not complex.)

Kullanilan eforlama 6l¢iitiiniin eforlar1 kaydetmede kullanish oldugunu
diisiiniiyorum.

(I think the effort estimation measure used is useful in recording effort
estimations.)

Efor tahminlemelerini kaydetmenin gelecek eforlamalar i¢in yararl bir pratik
oldugunu diisliniiyorum.

(I think recording effort estimations is a useful practice for future effort
estimations.)

Kaydedilen eforlarin performans takibinde yararli oldugunu diisiiniiyorum.
(I think the recorded efforts are useful in performance tracking.)

Kullanilan eforlama 6l¢iitiiniin ¢ikan igin kalitesini 6lgmede bir 6l¢iit
oldugunu diisliniiyorum.

(I think the effort estimation measure that [ use is a criterion for measuring
the quality of the resulting work.)

Kullanilan eforlama 6l¢iitiiniin kaliteli ¢ikt1 olusmasinda bir faktoér oldugunu
diisiiniiyorum.

(I think the effort estimation measure that I use is a factor in creating quality
output.)

Kalite takibi i¢i eforlarin kaydedilmesinin yararli oldugunu diisiiniiyorum.

(I think it's beneficial to record efforts for quality tracking.)

Kullanilan eforlama 6l¢iitii sayesinde takimin hiz performansini

Olcebilecegimizi diigiiniiyorum.
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57.

58.

59.

(I think we can measure the velocity of the team thanks to the effort
estimation measure that I use.)

Kullanilan eforlama 6l¢iitiiniin takim performansini takip etmek i¢in iyi bir
ara¢ oldugunu diisiiniiyorum.

(I think the effort estimation measure that I use is a good tool to track team
performance.)

Kullanilan eforlama 6l¢iitiinii ekip performansini raporlamada kullandigimizi
diisiiniiyorum.

(I think we involve the effort estimation measure to report team
performance.)

Kullanilan eforlama 6l¢iitii performans takibi i¢in yararli olmustur.

(The effort estimation measure that I use has been useful for performance

tracking.)
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