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Abstract
Objective: To create an AI-powered recommendation system that is designed
for IT professionals to help them choose the best software development
approaches. Through the use of specified data parameters.Methods: The rec-
ommendation system will make use of machine learning algorithms and data
analysis methods to examine team dynamics, project needs, and other vari-
ables. The technology will enable developers to improve the quality of products
and speed up the development process by recommending suitable develop-
ment methodologies. Data parameters considered for the development of the
recommendation model fall into four categories: requirements, user involve-
ment, development team, type of project, and risk associated with it. Find-
ings: Existing recommendation systemsdevelopedby different researchers are
applicable for only requirement elicitation and to recommend different phases
of the development process, whereas systems that will help select develop-
ment methodology are not available in the existing systems. Among the five
machine learning algorithms applied in the recommender system building pro-
cess, the DecisionTree Classifier and RandomForest Classifier exhibit superior
performance, achieving 100% accuracy, while the Kneighbors Classifier indi-
cates 94.74% accuracy. Novelty: This study of systems introduces a novel
approach to software development methodology, a recommender system,
which helps IT developers select the best appropriate development approach
for the development of a software product or project based on the type of
project to be built and other data parameters.

Keywords: Agile; Development; Requirements; Methodology; User; Customer

1 Introduction
TheSoftwareDevelopment Process involves applying engineering principles to software
development, with a focus on designing, building, testing, andmaintaining high-quality
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software systems. It is a collaborative and multidisciplinary field that requires a combination of technical skills, project
management expertise, and effective communication. The application of engineering principles to software development helps
create reliable and maintainable software systems that meet the needs of users and stakeholders. Two standard approaches are
used for the development of software products, namely the traditional software development process and an agile software
development process (1). The traditional waterfall model depicts water cascading down a cascade as a sequential flow through
several stages. First comes analysis, followed by design, implementation, testing, and maintenance. While the Agile software
development process emphasizes adaptability, teamwork, and iterative development, each step builds on the one before it to
create a logical approach to software development (2). It is an approach that prioritizes the client’s satisfaction and modifies
the process as development progresses to meet changing needs. The concepts that drive agile development are: focusing on
individuals and their relationships instead of procedures and tools; a working version of software is preferred over extensive
documentation; the involvement of clients in contract negotiations; and being easily adaptable to any changes (3).

Software engineering recommendation systems now in use are used to suggest various stages of development as well as
the requirement elicitation process. Studies and research at present lack a recommendation mechanism that would suggest a
development method (4) (5). IT firm developers are constantly faced with a dilemma while choosing a software development
approach to create higher-quality software that fulfills all the requirements of customers. So this problem of deciding which
software development approach is best for a particular project while taking team dynamics and user involvement into account
Riskmanagement andproject needs are resolved by offering a recommendermodel. Teams can improve project success, increase
efficiency, and make better decisions with the help of this tool. For a number of reasons, developing a recommender model for
software development methodologies can be a highly satisfying project. There are many different approaches available for the
software development process, which is frequently complex and diversified. Creating a recommender model gives developers
and teams the chance to address a practical issue by guiding them through a complex variety of approaches to select the one
that works best for their project. The efficiency and efficacy of software development teams may be enhanced by the developed
recommender model.

The first section of this research paper addresses the data parameters that should be taken into account while choosing a
software developmentmethodology.The algorithms used to recommend development processes are covered in the next portion
of the approach. The results of each algorithm are displayed, along with an accuracy plot for each algorithm, and a comparative
analysis is shown in the results section. The conclusion is included in the next section.

2 Methodology
In this research paper, software Development Methodology Recommender Model is built using five different machine learning
algorithms. This model will help IT professionals to select best appropriate methodology to develop better quality software
product.

2.1 Analysis of Dataset Parameters used for the selection of development methodology

2.1.1 Waterfall Model
One of the most traditional and widely used approaches to software development is the waterfall model. It represents a
methodical process for developing software. Determining the program’s requirements is the first step in the process, which
is followed by design, construction, testing, and eventually user delivery. It’s been around for a long time and was the first way
ever used to create software. Software is created using a sequential and linear process, as seen in Figure 1, where each project
step is finished before going on to the next. Due to the lack of alternate software development approaches in the past, themodel’s
construction was driven by developments in hardware development (6).

Fig 1. Traditional Software Development Process
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2.1.2 Agile Software Development Process
Agile development uses iterative approach as shown in Figure 2. It has a number of major advantages, including quicker
delivery times, enhanced quality, more cooperation and communication, and greater adaptability to changing requirements (7).
Agile, however, might not be appropriate for all projects or organizations and for teams to really embrace it, there must be a
fundamental transformation in mindset and culture (8).

Fig 2. Agile software development approach

The Agile concept is centered around the Manifesto, which outlines the four fundamental values of Agile. While there
has been discussion regarding the manifesto’s continuous significance, it still serves as the foundation for the organization.
Four values of agility are shown in Figure 3. Tools and processes are not as essential as individual relationships, a preference
for functional software above comprehensive documentation, working together as opposed to negotiating contracts, and an
emphasis on adapting to change.

Fig 3. Important Values to the Agile Software Development Model

As shown in Figure 3 the concepts that drive agile development are: focusing on individuals and their relationships instead
of to procedures and tools, working version of software is preferred over extensive documentation, involvement of clients in
contract negotiations & easily adaptable to any changes (9).

Each iteration of agile development entails communication, plan, design, development, testing, and releasing a tiny, working
piece of software (10). This approach is iterative and incremental. This strategy enables ongoing input and progress throughout
the entire process (11) (12).

2.1.3 Dataset Parameters used for the selection of development methodology
The following are the primary parameters that are crucial in determining which software development approach should be
applied to create software that fully meets client needs.

• Requirements of the Project,
• User Involvement,
• Development Team,
• Type of Project & Risk Associated with it.
• Requirements of the Project: Open communication and a common objective are essential for the identification,

clarification, and classification of both functional and non-functional requirements. While functional requirements
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outline what the system must be able to do, non-functional requirements address qualities like performance, usability,
security, and scalability. Upon gathering & validating all the requirements of the project it is necessary to check whether
requirements are defined early in the SDLC, requirements are easily defined and understandable, whether Requirements
are changed frequently & whether changes in requirements will be easily manageable or not (13).

• User Involvement: In the process of assessing the software development process’s applicability, it is important to pay
particular attention to the following important user involvement factors: Limited User Involvement, User Participation in
All Phases No experience participating in similar projects and development teams (14).

• Development Team: The experience, expertise, and skill set of the team as a whole can have a significant impact on
the project’s results as well as the suitability of the selected methodology. Some key factors to consider when assessing
the development team’s readiness to adopt the software development process are: team experience, domain knowledge,
experience with the tools needed for the project, and the and the need and availability of training (15).

• Type of Project and Risk Associated: It focuses on factors that give detailed information about the type of project
based on whether the project is an improvement of an old system: stable funding, highly reliable requirements, a reliable
requirement, a tight schedule, reusable components, and scarce resources. So projects involving the enhancement of an
outdated system, steady funding, extremely dependable requirements, a strict timeline, the use of reusable components,
and limited resources are ideal candidates for the software development methodology (16).

Table 1 gives briefing of data set required for the selection of waterfall approach for the development of software product.

Table 1. Data Parameters of Waterfall & Agile Software Development Process
Parameters Traditional Software Develop-

ment Process
Agile Software Develop-
ment Process

Requirements of the Project
All the Requirements are completely defined early in the SDLC YES NO
Requirements are easily defined and understandable YES NO
Requirements are changed frequently NO YES

User Involvement
Limited User Involvement YES NO
User Participation in All Phases NO YES

Development Team
Little Domain Knowledge- new to Technology YES NO
Little experience on Tools YES NO
Training Availability when needed NO YES
Availability of Tester from the start of Project NO YES
Availability of technical leadership skilled professionals NO YES

Type of Project
Small project size YES NO
Medium to Large project size NO YES
Improvement of an Old System NO YES
Stable Funding YES NO
Tight Schedule NO YES
Slower Deployment time YES NO
Faster Delivery NO YES
Reusable Components NO YES
Scarce Resources YES NO
Faster Deployment times NO YES
Adaptive to Customer needs NO YES
Need of Documentation YES NO
Flexibility NO YES
Continuous Feedback NO YES
Adaptive to Customer needs NO YES
Continuous Feedback NO YES

Risk Associated
Risk Analysis & Management NO YES
Possibility of risk association YES NO
Security NO YES

Continued on next page
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Table 1 continued
Less Guarantee of success YES NO
Successful guaranteed product delivery on time NO YES

2.2 Implementation Methodology

Machine learning algorithms used for the development of recommendation systems are Logistic Regression, Kneighbors
Classifier, Gaussian NB, DecisionTree Classifier, and Random Forest Classifier.The figure shows the flow of the implementation
methodology used for the development of the software development methodology recommendation system. Steps included in
the methodology are as shown in Figure 4.

Step 1: Understand the Problem: The problem we’re attempting to address must first be precisely defined. This involves
figuring out what needs to be accomplished and drawing some conclusions from the problem description.

Step 2: Gather Data: Next, information is gathered from various sources. Depending on the project, this information may
come from files, databases, or other sources. The quantity and quality of the gathered data have a direct bearing on the accuracy
of our system.

Step 3: Prepare the Data:Once the data is gathered, it needs to be cleaned up. This involves removing any information that is
inconsistent, missing, or duplicated. Raw data is converted into a clean dataset because it isn’t ready for immediate use.

Step 4: Train theModel:Themodel undergoes training to enhance its functionality. A training set and a testing set are created
from the dataset; typically, 80% is used for training and 20% is used for testing. The testing set enables us to assess the model’s
performance, while the training set assists in the model’s learning from the data.

Step 5: Evaluate the Model: The model is evaluated by testing. A testing set is used to evaluate its performance on newly
acquired data. Metrics like recall, accuracy, and precision are used to evaluate its effectiveness. It may be necessary to modify
certain settings or parameters if the model performs poorly.

Step 6: Use the Model: Finally, after we are satisfied with the model’s functionality, we may start using it to solve real-world
issues. This can entail applying the model’s acquired knowledge to resolve other problems, formulate forecasts, or categorize
data.

Fig 4. Flow diagram of recommendation system building

The study of a ”real world” event using scientific principles to iteratively validate and improve a model or hypothesis is
known asmachine learning (ML) (17). Following are theMachine learning algorithms used for developing softwaremethodology
recommender model.

Logistic Regression: When analyzing outcomes with only two possible outcomes, one common method used is logistic
regression. Understanding choices and results in diverse circumstances is made easier by it (17). Regression modeling
accomplishes two key tasks: first, it predicts the result based on updated knowledge about the contributing factors. Second,
by illustrating the relative contributions of each aspect to the final result, it helps in our understanding of the issue under
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consideration (18). Thus, while accounting for other factors, we can determine which factors are truly important and how they
impact the outcome. Numerous independent variables X1, X…, Xk can be examined in relation to the dependent variable Y
using the logistic regression model. The variable Y is dichotomous, meaning it can only have two values. In logistic regression,
the outcomes are denoted by the numbers 1 and 0. If all goes well, we employ 1. We use 0 if it’s something we don’t want. We
can determine which factors are critical, which ones are not, and how each one affects the others by using the analysis (19).

Kneighbors Classifier: Under the umbrella of supervised learning, the K-NN algorithm is a straightforward machine
learning technique. It’s similar to having a teacher help you when you learn under supervision (19). You provide the machine
with a large number of labeled examples, such as images of dogs and cats, and indicate to it which is which. Based on its prior
learning, it can then determine if a new picture it sees is of a dog or a cat.

Let us consider the case of K-NN, in which you have two groups, A and B, and you are assigned a new point, X1. You wish
to ascertain which group X1 is a member of. This is determined by the K-NN method, which looks at the closest data points to
X1 and determines which group they belong to. Determining where X1 fits best is similar to asking your neighbors (the closest
data points) which category they belong to.

The following is a description of how the K-NN algorithm functions.
Step-1: chooses the neighbor with the K-number first.
Step-2: The Euclidean distance needs to be computed for every K neighbors.
Step-3: Determine the K closest neighbors using the Euclidean distance calculation.
Step-4: Determine how many data points there are in each category for each of these K neighbors.
Step-5: The category with the greatest number of neighbors will receive new data points.
Step-6: The K-NN classification model will be constructed in this way.
Gaussian NB : The Naive Bayes algorithm is a simple learning technique that combines a strong assumption of feature

independence within each class with Bayes’ rule. Although Naive Bayes routinely attains competitive accuracy in classification
tasks, its dependence on the feature independence assumption may cause problems in practical applications (20). Because of its
numerous advantages and high computational efficiency, Naive Bayes is an extensively utilized algorithm in practice. With an
object x, it assists us in determining the posterior probability value, P(y|x), for each class y. For this assessment, Naive Bayes
offers a helpful tool through sample data analysis. Once completed, these assessments can be applied to categorization tasks or
any other type of decision-making.

DecisionTree Classifier: Classification systems, which manage massive amounts of data by grouping it into distinct
classifications, are frequently used in data mining. These algorithms aid in the classification of freshly obtained data, the
classification of data based on training sets and labels, and the inference of categorical class names. The decision tree algorithm,
the subject of this study, is a well-known classification algorithm. Decision trees make the algorithm’s structure easier to
understand by providing a visual representation of it. Decision trees are strong techniques that are applied in many domains,
including image processing andmachine learning.They function by effectively combining a number of fundamental checks and
comparing numerical properties to test threshold levels. Decision trees are easier to comprehend than neural networks since
they rely on conceptual rules instead of numerical weights. Each tree is made up of nodes and branches, and they are frequently
employed in data mining tasks, including grouping and categorization. Every node in a decision tree represents a feature that
needs to be classified, and every subset suggests a potential value for that feature. Decision trees are extensively used because
they are accurate and easy to analyze for a variety of data types. These qualities enable them to find use in a variety of fields (21).

RandomForest Classifier: In machine learning and data science, the Random Forest classifier is a well-liked ensemble
classification method that is used in a variety of application domains. It makes use of an approach called ”parallel ensembling,”
in which several decision tree classifiers are trained concurrently on various dataset subsets. Usually, the final prediction is
decided by averaging the results of these different classifiers or by a majority voting mechanism (22). Random Forest improves
prediction accuracy and control while addressing overfitting issues in an efficient manner. As a result, multiple decision
tree-based Random Forest learning models generally perform better than single decision tree-based models (22). Through the
combination of random feature selection and bootstrap aggregation (bagging), it generates a sequence of decision trees with
regulated variability. This method is flexible, able to handle both continuous and categorical data, and may be applied to both
regression and classification applications (23). Random Forest is a powerful ensemble learning algorithm in machine learning.
Table 2 shows a list of questions asked to get the data values for the traditional and agile software development approaches.
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Table 2. Traditional & Agile methodology data used for the design of Recommender model
Sr. No. Questions Traditional (Water-

fall)Software Develop-
ment Approach

Agile Software Devel-
opment Approach

1 All the requirements are clearly defined at the start of project
only.

TRUE FALSE

2 Not easily adaptable to any changes after the start of the project TRUE FALSE
3 User is involved only during starting phase of the project. TRUE FALSE
4 Extra Skilled professionals are not required in team TRUE FALSE
5 No need of tester from the start of project. Tester is required

only during testing phase.
TRUE FALSE

6 Works only on small size projects. TRUE FALSE
7 Time taken for development of product is more TRUE FALSE
8 cost required is more. TRUE FALSE
9 Risk analysis and management is done at moderate level. TRUE FALSE
10 Documentation is very important or created at each phase pf

project.
TRUE FALSE

11 Preferable for improvement of an old systems FALSE TRUE
12 reusable components are Developed FALSE TRUE
13 Flexibility in the process FALSE TRUE
14 Good security provided FALSE TRUE
15 Deployment time is less FALSE TRUE

3 Results and Discussion

3.1 Existing System

Faiz Akram’s systematic literature review (4) demonstrates the requirements for elicitation method that has been integrated with
recommendation systems that use collaborative filtering suggestion systems to forecast the requirements of the stakeholders
based on their preferences for functional and non-functional requirements.This recommendation system aids in the resolution
of issues such as: How might recommendation systems help identify stakeholders throughout the requirements elicitation
process? How can the selection of requirements elicitation approaches be automated?

Recommendation algorithms have been built as a result of Juri Di’s 2021 CROSSMINER (5) expertise to assist software
developers at different phases of the process. The systems provide developers with a range of artifacts, such as third-party
libraries, usage guidelines, and required API function calls for the adopted APIs. In order to provide these recommendations,
technical choices have been made to address a variety of issues, such as the lack of baselines, the shortage of data, the use of
performance indicators, and evaluation techniques.

Liang Wei (24) developed four open-source recommendation systems in 2021 and described their implementations,
benchmarking and comparing each one. Fuzzy heuristics, such as which tools have been used previously and which business
domains are pertinent to the current demands, can be configured in a recommendation system. A technical lead or
project manager can utilize these fuzzy heuristics to identify the best software tools for handling tasks and defect tracking,
communication channels, source code management, and documentation, among other things. They categorized them using
the features of the software solutions they offered, and then they made recommendations for a rule-based recommendation
system based on that information.

3.2 Proposed System

As shown in Table 3, the current situation lacks a structure for recommending software development methodologies. The
proposed approach is used to create a recommendation system that IT industry software developers will use to choose the
best development strategy for creating higher-quality software products that will meet all of the needs of the client.

The experiments were carried out on the four classes of datasets (0, 1, 2, and 3), with 80% training and 20% testing data.
Class 0 denotes the waterfall approach; class 1 denotes the agile approach; class 2 denotes both approaches; and class 3 denotes
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Table 3. Research Gaps in existing recommendation sytems & novelty in proposed approach
Existing System Gaps Proposed System
A recommendation system to help iden-
tify stakeholders in the requirements elic-
itation process and to recommend ways
to automate the selection of requirements
elicitation techniques.

Existing recommendation systems are
available to identify elicitation techniques,
different phases of software development,
and tools to be used for the development.
There is no recommender system that can
help recommend software development
methodologies to be selected.

A recommender system for software
development methodologies that assists IT
developers in choosing the most suitable
development technique for a software
project or product depending on the type of
project to be produced and other data
criteria.

Algorithms for recommendation: to sup-
port software developers throughout the
process, the systems provide develop-
ers with a range of artifacts, such as
third-party libraries, usage guidelines, and
requiredAPI function calls for the adopted
APIs.
Recommendation systems that can create
fuzzy heuristics, like which tools have been
used in prior projects and which business
domains are relevant to the demands of
the moment, will be utilized by the project
manager.

any one of the traditional or agile development approaches. The following table shows the performance of all four classes using
Logistic Regression, Kneighbors Classifier, Gaussian NB, DecisionTree Classifier, and Random Forest Classifier.

The counterplot of all four classes with 8000 plus database on each class is as shown in Figure 5.

Fig 5. Countplot of dataset for classification

The confusion matrix of all the algorithms is shown in Figure 6.

Fig 6. Confusion Matrix of (a) Logical regression (b) Kneighbors Classifier (c) Gaussian NB (d) DecisionTree Classifier (e) Random
Forest Classifier

The comparative analysis of all five algorithms w.r.t. Recall, Precision, F1-score & support is shown in the Figure 7.
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Fig 7. Comparative analysis of ML algorithms

Fig 8. Accuracy Score Plot of all the Machine Learning Algorithm

As seen in Figures 7 and 8, it has been observed that pre-processing and data cleaning using various dataset classifications
have been found to have a significant impact on the accuracy of machine learning models. The methods used for the
DecisionTree and Random Forest classifiers show 100% accuracy, while the Kneighbors classifier yields 95% accuracy and the
Kneighours classification system, logistic regression, yields 67% accuracy.

3.3 Comparative Discussion of Proposed System and existing System

Table 4 shows a comparative analysis of existing systems with the proposed system shown in this research article.

Table 4. Comparative analysis of Existing Systems & Proposed System
Existing System Proposed System
The recommender system proposed by Faiz Akram et al. (4) in 2024
has developed a recommender system that helps in the selection
of requirements gathering techniques and is used only during
the first phase of the software development process, i.e., during
communication activity. It will not be applicable for the rest of the
software development process.

Proposed sytem is applicable throughout the all phases of software
developeemnt process i.e. Communication, Planning, Modelling ,
Construction & deployment of the software system/ product.

The existing system proposed by Rocco JD et al. in 2021 (5) focuses
on theCrossMiner project, which has developed various recommen-
dation systems to recommend tools to be used, requirements for
supporting libraries, and suggested APIs to be used during various
phases of the software development process through different rec-
ommendation systems.

Rather than creating multiple recommendation systems, the
proposed system created a single recommendation system that
applies to the entire software development process and assists
IT developers in choosing the best development methodology to
produce a higher-quality product that will meet all of the needs of
the client.

Continued on next page
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Table 4 continued
In 2022,Michael B. et al. (7). offered a system for projectmanagement
practice recommendations that assesses if an algorithm can choose
the right practices for a given situation. Additionally, they instituted
important procedures designed to promote increased adaptability
and agility in the development setting.

The proposed system incorporates a developed recommender
model to suggest software development approaches, which are
used by IT industries to directly choose development approaches
for their projects. The model considers requirements, user
involvement, development teams, project types, and project risks.
Accuracy of the results produced is 100% using machine learning
algorithms.

In 2021, Liang Wei (24) created four open-source recommendation
systems, detailed how they were implemented, and compared and
benchmarked each one. A recommendation system can be designed
with fuzzy heuristics, like which business domains are relevant to
the current demands and which tools have been used in the past.
They make recommendations about which tool is most suited for
current project work, at what phase it can be utilized, and how it
should be documented based on past experience and past usage of
tools, techniques, and documentation strategies.

3.4 Benefits of Proposed System over Existing Systems

The current state recommendation systems concentrate on particular stages or parts of software development, including project
management procedures or requirement gathering strategies. The suggested method, on the other hand, provides a thorough
solution that may be used at any stage of development. The suggested solution streamlines the process by providing a single
recommendation system that takes into account all pertinent factors and recommends the best development style, whether
traditional or agile, whereas present systems offer a variety of tools and libraries for developers.

4 Conclusion
This study and the proposed system have made significant contributions to the field of software development technique
recommendations. IT developers would find the developed recommendation system helpful in choosing the appropriate
software development methodology. The built recommender model will suggest the appropriate approach, either traditional
(Waterfall) methodology or agile methodology, for software product development based on requirements, user participation,
development team, and project type. Out of five machine learning methods, the Random Forest model and Decision Tree
provide 100% accuracy in the results of the recommender model. The proposed system’s novelty makes this research strong
because no other recommender model has been developed to aid in the selection of a software development approach. Instead,
recommender systems have been developed for requirement elicitation techniques and development phases, not for the purpose
of selecting a development approach.

Software development projects with clearly specified requirements at the beginning of the project are best suited to the
traditional waterfall approach. Projects with strict deadlines and future changes don’t prefer traditional methodology. This
is frequently used for smaller-scale projects where the manufacturing of reusable components is not required and risk
management and analysis are not the main focus. It’s crucial to remember that, in comparison to alternative approaches,
the traditional strategy may come at a higher cost. An agile software development approach is used for large-scale projects
where all the requirements are not stated clearly at the start of the project and there may be various changes possible during
the development process because of different situations. This approach is applicable for quick delivery of working versions
of the product’s sprints and focuses on the reusability of the components of the product. The development team needs to be
experts, and the time and cost of development are less with this approach. Large-scale projects with unclear or changing needs
are better suited for the agile software development methodology, which promotes flexibility and adaptation all along during
development. In addition, compared to conventional methods, agile approaches frequently yield shorter development times
and lower development costs.
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