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Abstract 
This paper focuses on the two major software project management processes, Agile 
and Waterfall, and explains the fundamental concepts, advantages, and disadvantages 
of each process. Agile is famous for its incremental and adaptive style that helps teams 
adapt to changing conditions that are existent in project contexts. On the other hand, 
there is a Waterfall approach, which is a more rigid framework applicable for projects 
that are expected to undergo little change in requirements. This paper compares the 
various methodologies in terms of systems used, functioning, uses and the aspects that 
determine their use. Drawings and illustrations, such as flowcharts and diagrams, are 
provided to support the concepts explained and presented. The authors also describe 
the conditions suitable for applying each of the methodologies under discussion. 
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Introduction 

The process of developing software has become more challenging as the projects are complex, and people need effective tools 

to solve the problem of project management, including time, cost, and quality [1]. There is a wide variety, but the most significant 

difference can be divided into two categories called Agile and Waterfall. Agile processes are always encouraging and incorporate 

change and iterative improvement while Waterfall requires both fixation on and adherence to phases. Such methodologies are 

aimed at different kinds of projects, teams, and client expectations, so it is critical for them to be familiar with such approaches. 

Agile or, more accurately, agile software development started in the early 2000s in response to the inadequacies of a traditional 

sequential approach known as the Waterfall model [2]. It lays stress on cooperation, flexibility, and small incremental steps, 

which is more suitable for the change-oriented project. The latter, known as Waterfall, originates from engineering and 

manufacturing and was introduced to SW development in the 1970s. It imposes an order on the process such that the process of 

requirement gathering is done before the design phase and so on; there is no ambiguity about what must be accomplished or 

when. 

The unfolding of this paper seeks to explore the methods of Agile and Waterfall, the strengths of the two approaches and the 

weaknesses that comes with each. By the end of this comparative analysis, readers will develop a better understanding of how 

each of these methodologies can be best deployed when managing specific kinds of projects. 

 

Basic Concepts of Agile / Waterfall 

Agile Principles 

• Agile methodologies are guided by the Agile Manifesto, which outlines four core values [3]. These includes: 

• Individuals and interactions over processes and tools: It stressed the cooperation and interaction of its members. 

• Working software over comprehensive documentation: Working on sensitive and urgent deliverables that might be 

important to the customer [4]. 

• Customer collaboration over contract negotiation: Stakeholders are frequently contacted to ensure goal congruence of all 

the projects being carried out. 
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• Responding to change over following a plan: The ability to modify requirements if need arises. 

Scrum is a format of Agile that works in cycles called sprints that range between 2 weeks and 4 weeks [5]. Instead of long 

elaborate development cycles, which can cause programs to become skewed from their intended use, these cycles allow for 

constant enhancement, steady, gradual release of working software, and customer satisfaction. Scrum, Kanban or Extreme 

Programming (XP) are methodologies that teams choose for putting Agile into practice. 

 

Waterfall Principles 

Waterfall follows a linear, sequential process with clearly defined phases: 

• Requirements gathering: Photocopying all aspects of a project before commencement to ensure that should a problem arise, 

all the specifications have been put in place. 

• Design: Development of explicit system designs and specifications [5]. 

• Implementation: Implementation of the design by coding and development. 

• Verification: Checking a product so as to confirm that it can meet specific requirements. 

• Maintenance: Interactive inputs in terms of maintenance and upgrade services after the project has been implemented [6]. 

 

The rigid structure provides the much-needed planning and documentation to leave little room for interpretation once the project 

is initiated. 

 

 
 

Fig 1: Waterfall vs Agile 

(Source: www.nimblework.com) [14] 

 

Work flow and Appearance 

Agile Workflow 

Agile is a cyclic or spiral approach to operation. Sprints involve planning and estimation, development, testing and integration 

and finally review by the stakeholders [7]. A simplified flowchart of the Agile workflow is as follows: 

• Backlog prioritization 

• Sprint planning 

• Iterative development 

• Sprint review and retrospective 

• Usage of feedback in the next sprint 

 

One important piece of a team’s communication process is progress tracking using visual aids such as the Kanban board or 

burndown chart. These tools increase transparency and make everyone on the team on the same page. 

 

Waterfall Workflow 

As it is clear, Waterfall is sequential in its execution process; the phases of the project are strictly integrated and successive [8]. 

A typical flowchart of the Waterfall process includes: 

 

Requirement analysis 

• System design 

• Implementation (coding) 

• Testing and validation 

• Deployment 
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Fig 2: Mobile Application Development Process Workflow 

(Source: www.slideteam.net) [15] 

 

Maintenance 

The initial aspect of project planning is the creation of Gantt 

charts in order to monitor the activities and their relations in 

the process of the Waterfall project. These charts can help 

give an accurate view of the project and its due dates and 

accomplishments so planning is more accurate [9]. 

 

Comparative Analysis 

Flexibility and Adaptability 

Agile is all about handling changes as it permits this by late 

in the developmental cycle. For example, shifts in the choice 

of measurable attributes of the product can be caused by 

customer reviews while not compromising the project. This 

versatility means that Agile is especially well suited for high 

turnover industries such as technological and media fields. 

Still, its approach is rather fixed, as the changes in the process 

require a transition through all the phases of the Waterfall [10]. 

This limitation is normally an issue of worry in fluctuating or 

unpredictable project forums. 

 

Risk Management 

Since it is an iterative approach, for instance, it also entails 

that risks are detected and controlled at an early stage. The 

testing during sprints helps the teams sort out problems one 

at a time. For example, a defect that is found in one sprint can 

be fixed before the start of another sprint, thereby minimizing 

instances of error propagation. Problems in Waterfall, 

however, are rooted in the belief that risks can be avoided 

when elaborate planning is done. The problem with this 

approach is that if risks are identified at a later stage in project 

development, they could be expensive to manage. That is 

why Waterfall lacks intermediate deliverables that could help 

manage these problems more effectively. 

 

Cost and Time Efficiency 

Agile reduces wastage for the simple reason that only the 

most important aspects of a project are worked on, and even 

then, only a little at a time. However, due to its recursive 

approach, the application of the framework might elongate 

schedules in some instances, where massive changes are 

needed. Waterfall, with its sharp and predictable division of 

time and cost, is most advantageous for projects with 

nondynamic needs, but can be immensely unprofitable in the 

case of changes [11]. For example, a waterfall project may 

require an overhaul when the client’s requirements change in 

the middle of project implementation. 

 

Stakeholder Involvement 

In this situation, agile focuses on the involvement of 

stakeholders during the execution of the project and the 

expectations that are to be followed. Sprint review is a cycle 

that involves a number of stakeholders who contribute to the 

subsequent stages of the project, as per their feedback. The 

waterfall approach engages stakeholders mostly during the 

requirements collection phase and at the project’s end. This 

limited interaction can make some goals unsuitable If the 

requirements are misunderstood in the early model or change 

in the developing phase. 

 

Real-World Applications 

Agile Use Cases 

Agile is ideal for 

• Startups: Ideation and customer feedback cycles are 

valuable activities for startups due to the ability to create 

original prototypes and improve or make changes 

quickly. 

• Dynamic projects: Projects with changing parameters, 

such as the development of a mobile application or cloud 

solutions. 

• Collaborative environments: Teams who invest major 

efforts in searching for the ways to communicate and 

achieve flexibility. 

 

Waterfall Use Cases 

Waterfall excels in 

• Regulated industries: Such sectors as healthcare and 

finance that require code compliance and strict 

documentation measures. 
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• Stable projects: Projects which can have easily and 

clearly described requirements and demands that remain 

constant, for example, the construction of power plants 
[12]. 

• Predictable environments: Situations in which it is 

essential not only what is being discussed but also how 

it is structured. 

 

AS Agile and Waterfall Software Development 

Approaches: Technological Tools 

In Agile, there are useful things as Jira, Trello, and Slack that 

serve as collaboration and progress trackers. In Waterfall, 

tools such as Microsoft Project and Primavera also guarantee 

proper planning and implementation. These technologies 

increase flexibility and productivity within their approaches 

to the methodologies. 

 

Case Study Examples 

An Agile project may be a project aimed at creating a mobile 

application and its features are improved incrementally 

according to the users’ feedback. However, a waterfall 

project might involve erecting a bridge where planning 

guarantees that the structure will stand and meet standards 
[13]. 

 

Conclusion 

Agile and Waterfall are basically working models that need 

to be selected based on the particularities of a project itself – 

its scope and requirements. This is because Agile has 

frequent updates as it is used in application development 

projects that require the incorporation of changes that meet 

customers’ needs, while Waterfall is consistent in its process 

because it’s used for projects whose activities are 

predetermined. This paper aims to establish how project 

managers can meet organizational goals and objectives 

through appreciating the strengths and weaknesses of each 

methodological approach in the organization. 

Based on considerations of projects’ characteristics and team 

and stakeholders’ expectations, it is possible to use the 

strengths of both Agile and Waterfall approaches. The 

various strategic alignments are also operational since they 

improve efficiency and minimize risks while providing a 

guarantee that the end products will satisfy those 

expectations. In conclusion, ‘the acquisition and utilisation of 

these methodologies’ are tools that are most beneficial when 

applied as decision–making strategies in efficient software 

development and project management. 
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