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Abstract

There have been advancements in project management methodologies because of dynamic business
environments and technologies. These two project management frameworks have been developed to
implement the Critical Path Method (CPM) of project scheduling, but they do it differently. This
paper discusses how CPM principles are incorporated and applied in these two approaches. In this
regard, it compares and contrasts the two most basic aspects of scheduling, resources, and timelines.
Finally, it aims to analyze how CPM's approach can be integrated with the Agile method and
determine where CPM outperforms in Waterfall projects.
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Introduction

Several emerging issues affect the delivery of projects currently being managed traditionally in society. The
Critical Path Method (CPM) was created in the late 1950s and has been used as a scheduling tool that helps
to identify the longest chain of dependent activities that defines the minimum project duration. As much as
CPM was developed for traditional planning models, different project management methodologies have
evolved with Agile and Waterfall management styles[1]. Waterfall is a linear and systematic development
that follows phase-by-phase development and composition, while Agile incorporates looping with analysis
of frequent changes. This paper discusses how CPM is applied and customized in both methodologies,
specifically regarding software development and IT projects, in which both are frequently used. Analyzing
the peculiarities of CPM application in each of these contexts will help the project managers make the right
decision regarding the scheduling techniques applicable to their project contexts.

Literature Review

CPM was originally designed for the construction industry, especially for engineering projects involving
many dependent activities that must be sequenced accurately. It has been implemented in traditional project
management practices as various studies show that it is useful in industries with sequential activities [4]. In
the traditional approach, CPM entails defining all the activities within the project, defining the
dependencies, estimating the duration, and defining the critical activities that directly influence the project
end date. This approach fits well with the Waterfall methodology's phase-gate approach to approvals [9].
The studies also indicate that CPM in waterfall environments gives a good view of schedule risks and allows
for proper resource management of risky tasks.

On the other hand, Agile methodologies were developed due to the conditions characterized by the frequent
changes in the requirements, and it is possible to have development cycles that include feedback. Some
difficulties arise when applying CPM concepts in Agile frameworks because the assumption of fixed scope
in CPM is contrary to the nature of Agile frameworks that allow change to requirements. Some recent works
have discussed the use of CPM in an Agile environment where critical path analysis is done based on
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features within and across sprints instead of the strict sequence of activities [5]. This modified approach
recognizes that Agile projects are flexible and unique while simultaneously offering visibility of the
important dependencies.

Comprehensive Project Management, in conjunction with other approaches to Project management, has
been seen as timely since organizations are trying to adopt more.However, this is where the adoption of
CPM in conjunction with other approaches has been seen as timely, considering that organizations are
looking for a between-form model. The research also shows that CPM is integrated into the strategic
planning of the project's milestones, and Agile is integrated into the detailed planning [2]. This is a perfect
strategy since it enables the project managers to have overall schedule visibility while at the same time
working with the iterative nature of development.

Scope

This comparison is based mainly on the time planning and schedulingcomponents of the operation of CPM
in Agile and Waterfall paradigms. It applies to mid to big software development, and IT projects with
relatively high scheduling risks. The paper focuses on the practical implementation of CPM principles such
as sequencing of activities, management of dependencies, allocation of resources, and critical path
determination in both methodologies. Although recognizing the presence of other factors in project
management, the focus of the analysis is more limited and is aimed at the time management and scheduling
approaches rather than project management and organizational factors. The paper seeks to offer findings
useful to project managers who practice in different settings and will be required to decideon scheduling
strategies [3].

Problem Statement

Scheduling is one of the key activities in project management and it is quite challenging for the project
managers to apply the right techniques in the different methodological frameworks. However, as much as
Agile methods are flexible, they do not give clear information about the dependencies that are likely to
impact on the time needed for the project. It makes it challenging to estimate when a task will be done and
to determine schedule risks in successive cycles. The problem withorganizations using both CPM and Agile
is that CPM has a more formal planning process, and Agile is more flexible. This is because the critical path
is not visible in project teams due to the constant reprioritization characteristic of Agile environments [6].
These challenges mean a need to understand better how the CPM principles can be implemented across
different methodologies.

Solution

Solving these issues means that the CPM concepts must be applied selectively and not entirely adopted or
dismissed. In Waterfall projects, it is still useful to use CPM in the conventional manner, which includes the
creation of comprehensive activity networks, defining the dependencies, and calculating float times. This
approach is advantageous in that WBSs are developed in detail when the activities and their
interdependencies are most apparent in the early phase of a project. The tools used in CPM help the user
visualize the critical path and simulate the project to identify risks. This is made possible since CPM in
Waterfall environments is deterministic, enabling accurate resource estimation to reduce project time [7].

In the Agile environments, different CPM methods are used based on the feature dependencies, not the
activity level. When there are dependent user stories in different sprints, defining a "feature critical path” to
help plan the sprints and prioritize the backlog is possible. This adapted approach recognizes that the
product is still in the process of development and yet addresses potential dependencies that may slow the
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delivery of the project. Rolling wave planning complements this by providing detailed planning of near-term
activities while keeping overall high-level planning at the iteration level. This balance maintains the agility
of the Agile approach while giving the project the type of schedule visibility for which CPM is known [8].

Uses

The critical path method applies to different project management methodologies, but the approach differs
considerably. In Waterfall environments, CPM is the foundation for comprehensive project scheduling from
initiation through closure. This clear visibility of the tasks' dependencies helps identify the risks that are
likely to affect the schedule and take corrective measures when such risks occur [9].In Agile environments,
the CPM concepts are used iteratively while keeping an eye on critical dependencies. When release
planning, the teams can determine other inter-sprint dependencies that may affect the delivery of certain
goals. Some organizations use a “critical chain™ variant that includes resource constraints and the tasks'
dependencies, especially when specialized skills become a source of potential constraints [3].

The allocation of resources is also defined differently in the methodologies. In Waterfall implementations,
CPM is used at the beginning of the project to plan the resources needed and to predict the time of
maximum load and resource contention. This allows for resource loading to be done in advance to ensure
that resources are well distributed throughout the project duration. Agile approaches are closer to just-in-
time decision-making, and CPM helps decide which part of the team should work on which user stories
within the specific sprint due to the dependencies and expertise. Both approaches are advantageous since
CPM helps to identify activities where more resources would be most useful in boosting delivery [6].

Impact

The principles of CPM also influence the project outcomes in traditional and new methodologies but in
different ways. Thus, in Waterfall environments, CPM implementation leads to better schedule control and,
therefore, more accurate estimation of the completion date. The structured approach to dependency
management allows for identifying schedule risks and proper planning and decision-makingregarding
resource usage. Research shows that organizations with a higher level of CPM practice in traditional
projects have less variability and better performance in terms of time [7]. The critical path analysis also
helps enhance the schedule's visibility and communication with the stakeholders on the progress and the
effects of the schedule.

Adopted CPM concepts in agile projects enhance the coordination of multiple teams and the
synchronization of the activities within a sprint to that of a program level. Understanding cross-iteration
dependencies prevents cases where some user stories are already delivered but cannot be implemented
because of the lack of some dependencies. Companies claim they are now better placed to predict when the
feature sets will be completed in the different sprints, a criticism made on pure Agile measures [5]. This
increased predictability helps to enhance the release planning and keep the advantages of iterative and
frequent reassessment.

Conclusion

The Critical Path Method is still one of the most effective tools for scheduling in any project management
methodology. However, it has to be adjusted for a certain environment. The basic CPM methodology used
in Waterfall methodology gives a full picture of the schedule and accurate dependency control in the stable
requirements that are, in turn, followed by sequential activities. The use of scaled Agile methodologies
provides better integration between iterations and, at the same time, retains the flexibility that is
characteristic of Agile environments for fast-paced projects. Hybrid approaches show that it is possible to
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integrate CPM with iterative development when the two are scaled and applied to the right dependencies. It
is, therefore, important for project managers to understand the type of their projects, requirement volatility,
time constraints, and team distribution when applying critical path concepts.
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