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Project management methodologies and frameworks play an important role
in the development and successful completion of a project. Choosing a certain
framework or methodology is a hard decision and it should be based on a prior and
extensive study, taking into consideration several factors (economic, environmental,
social and others). In the software development industry, there are many
management methodologies available, which are in a constant growth and
transformation, adapting themselves to the current needs of the market. This study
showcases a thorough research on the software project management methodologies
and frameworks available now on the market. The research aims to present and
compare different types of methodologies, presenting the advantages and
disadvantages of each one, as well as the factors underlying their adoption; being
conducted with employees in different roles and from different companies.
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1. Introduction

The project management methodologies and frameworks are some of the
key factors underlying a successful project. Both concepts refer to a set of rules
and guidelines which should be followed in order to standardize, organize and
better structure the entire work of a project.

There is a fine line between the two concepts, a methodology can be
defined as a set of well-established methods which can be used in a certain field,
while a framework can be defined as a set of structured rules or ideas, which can
be applied to a certain domain as well. The framework is more flexible, allowing
room for creativity and interpretation, while the methodology is more rigid.
Moreover, the framework only tells us what to do, while the methodology, besides
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telling us what to do, it is also telling us when and how, providing more details for
the entire flow.

Nowadays, the software development field has a difficult choice to make
when deciding which methodology or framework to adopt, due to the large
number of choices. Choosing a certain methodology or framework should be a
decision to be taken after leading an extensive study, which should focus on
analyzing the needs of the project and the capabilities of each methodology.

One of the most used methodologies in the software development area is
Agile. Agile supports a great range of frameworks like: Scrum, Kanban, XP and
others. These are some of the modern and trending approaches, but we shouldn’t
neglect the traditional ones, from this category we can mention “the old, but gold”
Waterfall methodology.

There are many and various factors which can influence the adoption of a
certain type of methodology or framework, starting with the company policy and
values, budget and costs, time schedule and milestones to be reached, number of
employees and others. Therefore, we shouldn’t rush when taking such an
important decision, and all factors, from major to minor ones, should be
considered when reaching a conclusion on this matter. We are going to discuss
more in detail about some of these methodologies and frameworks, as well as the
factors which can influence their adoption, in the next sections.

This paperwork aims to present an in-depth analysis and comparison
between different types of management methodologies used in the software
development area, with the purpose of easing the choice of future tech companies
which plan to adopt a certain methodology. We will be presenting the advantages
and disadvantages of each one, and also the factors which can influence this kind
of decision. The study was conducted with employees in different roles and
different companies from the software industry.

In the next section we will present some relevant findings from the same
area of interest, software management, and we will compare the findings with our
own findings, in the following sections.

2. State of the art

Project management, as well as its frameworks and methodologies,
represented a highly sought-after topic, that has been in the focus of many
researchers lately. This topic has been in high demand due to the large and various
list of options available now on the market, this thing increasing the level of
difficulty of decision making on this matter.

In this section we are going to present some of the most relevant findings
from the project management domain. We are going to focus on two case studies
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which present the applicability of software management methodologies and
frameworks in software projects.

A case study from the Scientific Bulletin of U.P.B. (University
“Politehnica” of Bucharest) highlighted the differences between the traditional
and the modern methodologies using the results of a survey with people from
different companies. The conclusion of their paperwork was that there is no
precise choice when choosing a methodology, the decision being based on several
factors. They stated that traditional methodologies, such as Waterfall should be
used in linear, well-organized projects, with well-defined requirements, where the
customer should be less involved in the project phases, while the modern ones,
such as Scrum, should be used for small teams, with changing requirements and a
lot of interaction with the customer [1].

A study that compares the Waterfall model and the Agile methodologies,
by project characteristics, has concluded that Agile is more suitable than Waterfall
for small projects due to its flexibility. Both software development models are
facing issues when tackling medium-sized projects. For big and complex projects,
consisting in multiple teams working in parallel, Waterfall is more suitable than
Agile, because Waterfall pays attention to the software architecture in detail,
which is very important for large software projects. This paper compared both
software development models showing that Agile is better for smaller teams and
projects, changing requirements, interpersonal knowledge, quickly delivering
software, while Waterfall is better for larger teams and projects, with less
customer interaction, more documentation and heavily focusing on software
architecture [2].

Another study that compares the two software methodologies focused on
the differences, advantages and disadvantages of both, from practitioners’ point of
view. They organized interviews with people from various sectors, company sizes
and age groups. One of the main differences between the two models was the
planning, Waterfall relying on a holistic approach and planning in detail, while
Agile is being more flexible, incremental and short term oriented. Waterfall is
focusing on the initial plan, while Agile has a light weight working process,
relying on the customer interaction, constant feedback loop and adapting the
needs frequently. Some of the advantages of Waterfall found in this study were:
well established roles and responsibilities, planning and documentation, more
predictable, reliable estimation. On the other hand, the Agile advantages were:
adaptability to changing requirements, faster flaw detection and remediation of
bugs, continuous optimization of the project processes. The results of the
interviews shown that no software development model is good for all types of
projects, each one being suitable for a certain type of project, depending on the
requirements and resources [3].
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These results are going to be compared with our own outcomes on the case
study and conclusion sections.

In the next section we are going to present the theoretical concepts of
project management methodologies and frameworks. We will focus on presenting
the main elements and we will also provide examples for each category.

3. Methodology

3.1. Project management introduction

The main goal of project management is to provide value through products
that are being delivered to the end consumers, involving several aspects, such as
methodologies, techniques, capabilities, or even tools. The project management
domain provides us different types of approaches and frameworks that can benefit
the project by improving the flows and processes [4].

3.2. Project management methodology vs framework

A project management methodology is based on several elements: best
practices, standards, methods, procedures, all that being applied on a certain
project, for a certain domain. A project management framework is also based on
several elements, such as: rules, ideas, guidelines, which are being applied as well
on a certain project, for a specific domain.
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Fig. 1. Methodology vs Framework

Both concepts involve rules and guidelines, which being applied to a
certain project are providing value by organizing and better structuring the entire
work. Although the two concepts are quite similar, the main difference between
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them is the flexibility level, as we can see in the comparison from Fig. 1. The
framework allows room for new ideas, creativity, is more flexible, while the
methodology is more rigid, requiring stricter rules. This difference can be noticed
by comparing the following criteria: structure, standards and trending. The
frameworks are growing on the popularity level among the users, by providing
more flexibility, giving some main guidelines regarding what is needed to be
done, while the methodologies are being less popular, providing in depth details
and indications about what and how to do the required work.

3.2. Project management methodologies

Now that we have clarified the project management concepts, we are
going to present some of the most popular methodologies and frameworks used in
the software development domain. Between the most relevant methodologies used
in the tech companies we remember Agile and Waterfall.

3.2.1. Agile

Agile is a broad term used for defining a set of software development
principles. It is a theoretical framework applied in the software engineering area,
that starts with the planning stage and progresses through incremental and
iterative interactions throughout the course of a project lifecycle, until the
deployment stage, as we can see below (Fig. 2). Agile approach’s main objective
IS to reduce the overhead in the software development processes by enabling the
adoption of adjustments that do not compromise the process or require a lot of

extra efforts.

5. 2.
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Fig. 2. Agile stages

The term "Agile" is occasionally used inaccurately; it describes a set of
practices, values, and guiding principles rather than an approach or methodology.
Agility is the capacity to quickly respond to any change in the environment, to the
needs of the customers, or to any delivery impediments that might appear. It is
associated with ideas of flexibility, rapidity, liveliness, or awareness [5].

The "Agile Manifesto" outlines a set of values and guidelines for software
agility, consisting in four values and twelve principles. Following is a list of the
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four values supported by Agile: individuals and interactions over processes and
tools, working software over comprehensive documentation, customer
collaboration over contract negotiation and last but not least, responding to change
over following a plan [6].

The Agile paradigm, which has been around for more than 20 years, has
had a significant impact on the software development industry due to its lower
costs and improved productivity, quality, and satisfaction level. It accomplishes
this through its flexible handling methods, as well as enhanced communication
and coordination techniques [7].

3.2.2. Waterfall

The Waterfall model is very easy to comprehend, and it can be used to
demonstrate the conventional approach for software development. The Waterfall
model is a static methodology that takes a linear, sequential approach for the
software development process, finishing one task before beginning the next one.
Waterfall approach divides projects into stages such as requirement analysis,
design, coding, and testing.

Fig. 3. Waterfall stages

Usually, the activities are the following: communication, planning,
modeling, building, and deployment. To summarize this, the stages of the
Waterfall methodology are: requirement analysis, design, implementation, testing,
deployment and maintenance. Every stage of development has a specific goal in
the Waterfall methodology. There is no possibility to go back and reassess an
earlier stage, as seen in Fig. 3 from above. Once a phase has been fully completed,
we are moving on to the next one [8].
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3.3. Project management frameworks

Among the most popular and efficient project management frameworks
used nowadays on the software market we count Scrum, Extreme Programming
(XP) and Kanban.

3.3.1. Scrum

One of the most used frameworks from the Agile area is Scrum. It allows
the programmers to work together in scaled projects, splitting them into smaller
parts, parts which can be further accomplished in fixed-duration cycles, or
"sprints”, while tracking the progress and planning/refining the plans in regular
meetings to deliver products incrementally. A Scrum Team has the following
components: one Scrum Master, one Product Owner and the Development Team.
While using Scrum facilitation, it is typically necessary to enhance teamwork and
team motivation, to clarify who is doing what, to support with conflict resolution,
and to make sure that all the members are contributing to the team’s goal. Just like
other members of the team, the facilitator, Scrum Master, works on a task board,
which is used to track the project tasks progress. The Scrum Master could be an
experienced teammate, or a dedicated professional hired for this purpose.
Therefore, the Scrum Master assumes the responsibilities of a team leader or
project manager in the traditional sense and is in charge of putting Scrum values
and guidelines into practice, as well as removing the eventual impediments [9].

Scaum Manter Product Cemer rvricqament Team

Fig. 4. Scrum team composition

3.3.2. Extreme Programming (XP)

Extreme Programming is a relatively straightforward, adaptive
development process that can manage unclear, ambiguous, or rapidly changing
requirements, designed to work well for small and medium size teams. Extreme
Programming is a set of principles, rules and techniques that are being applied in a
systematic way. It is the outcome of pushing the boundaries of techniques that
proved to be effective in producing high-quality software. The importance of
customer satisfaction in this Agile methodology is crucial. Frequent reports and
releases of partially finished software are required to address flaws and problems
at an early stage. Extreme Programming involves working in pairs and shifts, for
example: one programmer is writing the code and the other one is watching the
process and vice versa. This technique proved to be effective, foreseeing the
possible issues and flaws that might appear, correcting them in time, because two
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pair of eyes are better than one. A smaller amount of flaws reduces the
development costs and expenses, producing high-quality products at reduced
prices. The phases of development while using XP are the following ones:
exploration phase, planning phase, release planning phase, iteration planning
phase, iteration phase, release phase, production phase, maintenance phase, death
phase [10].

3.3.3. Kanban

Kanban is a term which comes from the Japanese word used for "visual
signal”. It was implemented initially by the workers of Toyota, and it was
designed with the purpose of keeping track of the processes in their production
system. Thanks to this technique, the teams were able to communicate more
efficiently, foreseeing the things that are needed to be done. As a short definition,
Kanban tells you what is required and how to achieve it, all of that in an organized
and visual manner. Kanban's ability to clearly visualize each developer's allocated
work may be its most valuable feature. It also clearly describes priorities and
reduces work in progress by only producing items that have been specifically
requested, which promotes continuous supply of items. The key goals of Kanban
are the flow of work and the removal of unnecessary operations, both of which
result in shorter feedback loops. Eliminating waste, enhancing quality, producing
knowledge, delivering software quickly, and optimizing are just a few of the
Kanban guidelines. The Kanban board is a visual tool used to organize the work
of a Kanban team. It is useful in providing the current status of the tasks,
improving the predictability and communication at team level [11].

In the following section we are going to present a case study and a
thorough analysis based on the obtained results.

4. Case study and results analysis

We conducted a case study among employees in different roles and from
different tech companies in order to observe the practical sides of using a certain
methodology. The survey was focused on Agile and Waterfall on the
methodology side. With this opportunity we wanted to highlight the advantages
and disadvantages of the methodologies stated above, as well as presenting a
comparative analysis based on the obtained results. Furthermore, we wanted to
present the factors underlying the decision to adopt a certain methodology, as well
as showcasing some real-life examples of usage from the participants experience
point of view.

The number of participants was 156. We had participants in different
roles: Developer, Scrum Master, Product Owner and Project Manager. The
participants were from different domains of the tech field.
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The participants level of experience was well distributed, from juniors to
seniors, the majority having between 1-3 and 3-5 years of experience, as we can
see in Fig. 5. The percentages obtained were the following ones: 6.82% of the
participants had less than 1 year of experience, 36.43% of the participants had
between 1 and 3 years of experience, 44.78 % of the participants had between 3
and 5 years of experience, while 11.97 % had more than 5 years of experience.

EXPERIENCE METHODOLOGY

Agile, 25.47%

magile
u Waterfall
mBoth

m Others
Both, 40.76%

Fig. 5. Participants experience Fig. 6. Used methodologies

The participants have worked with Agile, Waterfall and other
methodologies. The results were the following ones: 25.47% for Agile, 19.32%
for Waterfall and 40.76% for both Agile and Waterfall, while 14.45% have
worked with other methodologies. The results have shown that the majority has
worked either with Agile, either with both Agile and Waterfall as methodologies
(Fig. 6).

Between the participants that have worked with Agile, the majority has
worked with the Scrum framework, Kanban and XP being less popular among
them. The results were: 57.88% of the participants have worked with Scrum,
23.21% of the participants have worked with Kanban, 11.52% of the participants
have worked with XP, while 7.39% have worked with other frameworks (Fig. 7).

FRAMEWORK IS AGILE BETTER MEETING THE DEADLINES?

XP, 11.52%
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Fig. 7. Used frameworks Fig. 8. Agile meeting deadlines

Furthermore, 70.13% of the participants using Agile said that this
methodology respects the deadlines, while 18.89 % disagreed and 10.98% were in
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between, as we can see above in Fig. 8. On the other side, comparing the two
methodologies, Agile with Waterfall, it seems that Agile is more effective on
achieving deadlines in time and respecting the milestones, while on the Waterfall
side the results were the following ones: 56.42% agreed that Waterfall is
respecting the deadlines, 21.39% disagreed and 22.19% were in between.
Analyzing these results, the factor of success of Agile on this topic is due to the
iterative and incremental approach, being more flexible and measurable.

COMMUNICATION WITH STAKEHOLDERS BETTER DOCUMENTATION

W Agile mAgile

Waterfall waterfall

Fig. 9. Communication with stakeholders Fig. 10. Better documentation

Due to the same level of flexibility and adaptability to the customer needs,
it seems that Agile is more effective from the communication with stakeholders
point of view, the outcome of the survey being the following one: 72.63%
consider that Agile is more effective on the communication side, while 27.37%
consider Waterfall is (Fig. 9).

On the other side, Waterfall seems to gain at the documentation level,
61.48% consider that projects using Waterfall methodologies are better
documented, wile Agile obtains only a percentage of 38.52% (Fig. 10). Wanting
to compare the two methodologies we created a top 3 advantages and
disadvantages for each one, as you can see below.

Top 3 Agile advantages are:
» Collaboration inside team;
» Adaptability to changing requirements;
» Feedback loop.

AGILE ADVANTAGES

u Feedback loop to changing mC inside team  MOthers

cccccc

Fig. 11. Agile advantages
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Top 3 Agile disadvantages are:
» Wrong estimations;
> Meetings allocated time;
» Lack of documentation.
Fig. 12. Agile disadvantages

AGILE DISADVANTAGES

Wlack of documentation ¥ Wrong estimations W Meetings allocated timeframe  WOthers

CRITERIA

Top 3 Waterfall advantages are:
» Documentation;
» Well defined requirements;
> In depth testing.

WATERFALL ADVANTAGES

W Documentation M Well defined requirements M In depth testing M Others
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Fig. 13. Waterfall advantages
Top 3 Waterfall disadvantages are:
» Changing requirements;
» Lack of client feedback;
> Meeting deadlines.

WATERFALL DISADVANTAGES

WMeeting deadlines W Lack of client feedback M Changing requirements M Others

CRITERIA

Fig. 14. Waterfall disadvantages
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Based on the obtained results, we wanted to highlight, besides the advantages and
disadvantages of each methodology, also the factors that underly the decision of
adoption of each one, through a comparative analysis.

Therefore, we can say that time and costs are two important factors that
can influence the decision of choosing a methodology. Using Agile, the costs of
flaw remediation are lower due to the integration of testing since the earlier stages
of the software development lifecycle. When speaking about Waterfall, the costs
are higher, the testing taking place only later on, towards the end of the project.
When using Agile the flaws can be spotted and fixed since the very beginning,
while when using Waterfall, they can be spotted and fixed only at a later phase,
this increasing the remediation costs. On the other hand, when taking into
consideration the time criteria, Agile seems to be better than Waterfall in meeting
the deadlines, this being due to its incremental and iterative approach,
maintaining a tight relationship with the stakeholders and requiring constant
feedback from their side. Waterfall is losing this category due to its lack of
adaptability to changing the requirements. Another important factor is the human
resources one, to be more precise, the team and its composition. Here we can
mention that we noticed a better communication level on the Agile side, the level
of communication and collaboration inside the team seemed to be higher in this
case. This can be due to the smaller number of team members and to the recurrent
meetings. On the Waterfall side the number of team members is usually higher,
and the meetings are not happening that often, being harder to maintain a tight
relationship between the team members. While Agile is winning on several
chapters, Waterfall also has some strong points, here we can mention the
documentation and in-depth testing phase. When speaking about
documentation, Waterfall projects are very well documented, being easier for a
newcomer to understand what is happening and to get used to the project. This
thing is being reinforced by the in-depth testing phase, which is happening in the
final stages of the project, this process involving also documenting very well the
project and everything that was tested.

In the following section we are going to present the conclusions that we
reached after analyzing the results that we obtained from the case study.

5. Conclusions

In conclusion, our paperwork presented some of the most used and
controversial methodologies from the tech market, Agile and Waterfall. Our case
study was focused on presenting the advantages and disadvantages of each
methodology, as well as a comparative analysis based on the obtained results,
which helped us identify the factors which are underlying their adoption, this part
highlighting our personal contribution.
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The case study results seem to be in favor of Agile methodology. Some of
the factors that led to these results were: the high level of adaptability, constant
feedback loop and communication with stakeholders, increased communication
and collaboration inside the team and lower flaw remediation costs. When
choosing a methodology for a new project, we should take into consideration
several factors, such as: time, costs, human resources, documentation and others.

Some common grounds that we found when comparing our findings with
the ones obtained in the case studies from section 2, the results are in favor of
Agile methodology when speaking about smaller projects, with rapidly changing
requirements, while Waterfall is more suitable for long term projects, as it relies
more on well-defined requirements and documentation. Besides that, Agile is
better for interpersonal knowledge and communication, stimulating motivation
and collaboration within the team. Moreover, Agile is more focused on customer
interaction and feedback loop, while Waterfall tends to be more rigid.

Therefore, based on the results, we can state that Agile methodology is
better suited for a larger variety of projects, due to its flexibility, tendency towards
teamwork and constant interaction with the customers. Although Agile seems to
have more advantages, we shouldn’t neglect Waterfall, as it has its own strong
points, especially when talking about documentation, well defined requirements
and in depth testing phase. Having this said, the choice between the two of them
should be made based on the project requirements and available resources, taking
into account the advantages and disadvantages presented above.

Our future direction is to realize a case study which will focus more on the
framework side, analyzing the same aspects and concerns, as well as their
integration with the methodologies.
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