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Requirement elicitation plays an important role during the software development life cycle.

g

The selection of an improper requirement elicitation method affect the quality of

developed software. Agile methodologies are popular in the industry and follow an
incremental approach to developing software. Agile methodologies value customer needs,
interaction among teams, interaction with customers and change management. Researchers
proposed methods for requirement elicitation in agile software development. This research aims
to investigate the issues faced during requirement elicitation in agile software development. We
identified the method that motivates the requirements elicitation in agile software development
to meet our objectives. Based on various factors including introductory overview, publications,
trends and values, we identified strengths and limitations. Based on the identified limitations, we
proposed new requirement elicitation method useful in agile software development. To evaluate
the results, two teams of equal expertise were given the same project to develop. One of the
teams developed using the proposed framework and the other one did without using the
proposed framework. Both of them were given the survey they filled out and gave their input
on the requirement elicitation parameters and the results were compared and validated using a
t-test and reliability analysis. The results of this research were proved promising specially in agile
environments.
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Introduction.

Requirement elicitation is a critical step in the software project management process. It
plays a key role in ensuring that the final product is developed as per the uset's expectations.
Cortrect requirement elicitation also ensures that the project is completed within the defined
scope, time and budget. However, requirement elicitation is a complex process and if not done
correctly, it can lead to project failure. This is why there is a constant need to improve the
methodologies used for requirement elicitation in any type of Software Development Life Cycle
(SDLC) model [1]. Therefore, this research aims to identify the existing challenges in the field
of requirement elicitation and develop a new methodology to address those challenges. The
objective is to develop a tool that can help both technical and non-technical stakeholders gather
and prioritize the requirements effectively, ultimately leading to the successful completion of
software projects [2].

Software Requirement Engineering (SRE) is the process of refining and defining
software requirements to ensure that they are complete, consistent and unambiguous. This
involves gathering, analyzing, documenting, validating and managing the requirements
throughout the software development process. The SRE process involves communication with
the stakeholders to understand their needs and then translating them into technical terms that
the developers can use [3]. The requirements are then broken down into smaller units and
prioritized based on their criticality and dependencies.

SRE also involves managing changes to the requirements. As the project progresses,
requirements may change due to various reasons such as changing business needs, new technical
requirements or stakeholder feedback [4][5]. SRE helps in managing these changes by assessing
the impact of the changes, modifying the existing requirements or adding new requirements and
making sure that all the stakeholders are informed about the changes. The main goal of SRE is
to ensure that the software product meets the needs and expectations of the stakeholders while
conforming to the technical constraints and specifications. By using SRE, the developers can
have a clear understanding of the requirements, minimize the risks associated with the
development process and ensure the quality of the software product [6].

In agile methodology, requirements are elicited through various techniques such as
interviews, brainstorming, surveys and observation. In addition, agile methodology emphasizes
the collaboration of the development team and stakeholders to ensure the accuracy and
completeness of the requirements. This means that the stakeholders are involved in the
development process throughout the project and their feedback is taken into consideration at
each iteration. The requirements are also documented in user stories, which are concise and
easy-to-understand descriptions of a feature or functionality from the end uset's perspective.
User stories are often written on index cards or post it notes and are prioritized in a product
backlog [7]. The product backlog is a dynamic document that is continuously updated as the
requirements evolve throughout the project. The use of user stories and product backlog allows
for flexibility and adaptability to changing requirements, which is a key feature of agile
methodology. The requirement elicitation stages are shown in Figure 1.

Requirement elicitation in agile methodology comprises of two levels, one is abstract
level requirement elicitation that helps in dividing the project into multiple features that are
needed to be developed. In the second stage, the requirements of each feature are elicited in
detail and then it is developed [8]. But the requirements must be clear and concise because if the
requirements are not clear or correct then the product developed cannot be a quality product.
There are multiple ways to elicit the requirements in agile methodology. They are questionnaires,
interviews and brainstorming etc. During the requirement elicitation phase, there are multiple
challenges are faced by the development team. These challenges make requirement elicitation or
requirement refinements.
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Requirements often conflict during refining due to compete for resources or have
different priorities. Conflicting needs may lead to delays, cost overruns and quality difficulties.
Ambiguous criteria are unclear where the requirements lead to misunderstandings between
stakeholders and the development team, resulting in a product that doesn't satisfy stakeholders'
demands. "The system should be easy to use" is confusing since "easy" means various things to
different.

Project requirements should include all stakeholders with a stake in the result. It's hard
to plan meetings or requirement elicitation sessions that work for everyone. Especially when
stakeholders have busy schedules and conflicting priorities. When stakeholders cannot attend a
meeting or requirement elicitation session, their opinions and feedback may not be completely
recorded. This is particularly troublesome if these stakeholders have crucial knowledge or unique
opinions that might affect the project.

Interview User stories Prototyping Development

Change in
requirements

Figure 1. Requirement elicitation stages in agile development
Research Contributions.

SDLC is a critical stage in the development process that involves identifying, analyzing
and defining the functional and non-functional requirements for a software application. In the
Agile model of software development, this phase is especially important as it helps to establish
a shared understanding of the project goals and requirements among the development team and
stakeholders.

However, several challenges can arise during the requirements elicitation phase in Agile
software development. These challenges can include difficulties in prioritizing requirements,
managing changing requirements and ensuring that all stakeholders are engaged and have the
opportunity to provide input. The goal of this research is to identify the latest challenges in the
requirements elicitation phase of SDLC in the Agile model of software development and to
provide a tool that can help software development teams overcome these challenges. By
conducting a thorough analysis of the challenges faced by development teams in this phase, the
research aims to identify best practices and effective strategies for addressing these challenges.

The tool developed through this research was designed to support development teams
in the requirements elicitation phase by providing a structured framework for identifying,
prioritizing and managing requirements. The tool was based on the latest research in Agile
software development and was designed to be flexible and adaptable to the specific needs and
requirements of each development team. Overall, the research aims to help software
development teams overcome the challenges in the requirements elicitation phase of Agile
software development and to ensure that the final product meets the needs and expectations of
all stakeholders involved in the development process.

Research Objectives and Novelty Statement.
The research objectives are as under.
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. Identify Challenges in Agile Requirements Elicitation. Conduct a comprehensive
analysis to identify the latest challenges faced during the requirements elicitation phase in the
SDLC within Agile software development.

. Develop a Structured Tool. Design and develop a tool to support software development
teams by providing a structured framework for identifying, prioritizing and managing both
functional and non-functional requirements in the Agile model.

. Enhance Collaboration and Stakeholder Engagement. Establish strategies to improve
stakeholder engagement and collaboration during the requirements elicitation phase, ensuring
effective communication and shared understanding of project goals.

Literature Review.

In this section, the focus is on discussing the background of the research and the existing
literature related to the topic. The work that has been done previously was highlighted, along
with the research gap that exists in the current literature. Altaf et al. reviewed agile methodology's
effects on Global Software Development (GSD) [9]. In GSD, where the development team and
stakeholders are from different countries, cultures and time zones, the agile methodology is
gaining popularity and Programming XP is the most widely adopted agile development
methodology. However, the language gap in requirement elicitation is a challenge for agile
techniques. Stakeholders and developers don't have to speak English. Another technique
proposed that enables the requirement analyst to apply imagination to obtain requirements [8].
The requirement analyst is not limited by any project management technique. He may utilize any
way to collect stakeholder needs and ensure they are final and unambiguous. This method helps
the development team effectively collect requirements. This method also prevents the
stakeholder and requirement analyst from doing anything complicated or uncomfortable.

Applying the standard approaches, the functional requirements are somehow elicited
clearly but the elicitation of non-functional requirements remains a problem. There is a study
that focuses on the elicitation of non-functional requirements in agile methodologies [10]. This
research proposes a model for eliciting the nonfunctional requirements by employing a Natural
Language Processing (NLP) approach that assess the functional requirements and will generate
the verifiable nonfunctional requirements this approach reduced the project failure ratio to about
2% to 6%. This approach helped the development team in analyzing and implementing the
nonfunctional requirements as well because generally the functional requirements are given
more attention and the nonfunctional requirements are left in the dark and are not discussed
because the stakeholders do not have enough technical knowledge to discuss them [11]. These
authors discussed the ways how to select the suitable requirement elicitation approach for the
project [12]. Before starting the requirement engineering process, it is very crucial to identify
which requirement elicitation approach was suitable for the project. That was easy to conduct
and will not be disturbing the stakeholders. This research concludes that the questionnaire is not
suitable for any type of project as no matter how clear the questions are the ambiguity in
requirements remains. The interview is a better approach but it is not possible in many scenarios
where there is a time gap, language difference or the number of stakeholders is large.
Brainstorming is a great approach but it is practically impossible as it requires lots of time of
stakeholders and lots of resources of the development team. Storyboarding and prototyping are
the only approaches that are suitable for both small-scale and large-scale projects. Combining
them removes any chance of ambiguity in the requirements.

There is another systematic literature review that is based on data-driven requirement
elicitation approaches [13]. This study is focusing on automatic requirement elicitation
approaches. This research concludes that the dynamic sources of data for automatic
requirements elicitation are social media and app store reviews. The data collected from these
sources is analyzed individually and is converted to a document that has the requirements. This
study shows a systematic literature review of requirements elicitation of the apps running on
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Blockchain [14]. This study shows that requirement elicitation in decentralized applications is a
comparatively difficult task than the centralized apps. This research gathered data from user
reviews of decentralized apps and highlighted the importance of software engineering aspects
of Blockchain applications. This study concludes that the decentralized apps have an average
rating of 3.6 stars and the reviews are majorly about faulty functionality of the application. This
means that the organizations need to spend more time and resources on the requirements
elicitation phase of SDLC.

Another research focuses on gathering and integrating data from various sources while
ensuring interoperability [15]. It concludes that clustering algorithms positively influence data
collection and the elicitation process, affecting professionals' ratings for items within the same
cluster. Additionally, the study notes a significant, albeit lesser, impact of part-of-speech (POS)
tagging on these ratings. Later another study presents RoboREIT, an interactive robotic tutor
designed to improve training in requirements elicitation interviews [16]. By simulating a
stakeholder role, RoboREIT allows users to practice interview techniques and receive feedback,
addressing the challenge of scalability in traditional training. An exploratory user study was
conducted to evaluate its effectiveness and applicability in this training context. Some existing
studies are shown in Table 1.

Table 1. Tabular Analysis of Literature Review

Research Contribution Limitation
Altaf et al. (2019) [9] Made communication easy gnd Requirement ambiguity is still a
reduced the language barrier problem.
Saceda et al. (2020) | Divided requirement elicitation | Ambiguous requirements were
[17] in three phases still there
Aldave et al. (2019) [8] Amblgulty from the Requm.sd a lot of cost to
requirements was removed implement

Kumar et al. (2022)

Non-functional requirements
alongside functional

Communication and
collaboration within the team

[10] requirements were also .
was not satisfactory.
preferred.
Igbal & Shah 2021) | Requirement prioritization was | Dependency of requirements
[18] improved was not considered

Ishaq et al. (2021) [19]

An incremental model was
used for the requirement
elicitation

Dependent modules and their
flow were not discussed

Found that the application

Did not consider the

Bouraga et al. (2021)

[14] running on a blockchain does

not have clear requirements

complexity of blockchain and
decentralization

Dynamic sources of data were
used to remove ambiguity and
conflicts

This research introduces a novel, flexible tool specifically designed for the requirements
elicitation phase in Agile software development. Unlike existing tools, it incorporates the latest
research and best practices to address key challenges such as requirement prioritization, handling
dynamic changes and ensuring stakeholder engagement. The tool's adaptability to diverse team
needs and project scopes marks a significant advancement in Agile methodologies, promoting
enhanced collaboration, better-defined requirements and improved alignment with stakeholder
expectations. By focusing on a structured and systematic approach, this research provides a
unique contribution to the Agile software development domain, bridging gaps in requirements
elicitation practices.

Requirement analysis was not

(Lim et al., 2021) [13] performed
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Material and Methods.

The proposed framework begins by opening projects for auction within a project
repository, where development teams can submit bids. Once bids are received, the project owner
evaluates them and selects the most reliable and suitable proposal. Upon confirmation, a
requirements analyst contacts the project owner to initiate the requirements-gathering process.

In this framework, development teams are considered technical stakeholders, while
project owners, end-users, and financiers are classified as non-technical stakeholders. The
development teams conduct interviews with the non-technical stakeholders, facilitate
brainstorming sessions, and employ user stories to gather clear and unambiguous requirements.
The requirements document undergoes multiple revisions and is validated by the non-technical
stakeholders to minimize ambiguity.

Once the requirements are finalized, tasks are assigned, and a scrum master is appointed
to the team. The schedule for sprints and other tasks is defined, and the product development
process commences. The team works through the tasks, with the scrum master ensuring
effective and efficient progress. Upon completion, the product is delivered to the stakeholders
for review.

Overall, this framework provides a structured approach to product development,
emphasizing collaboration between technical and non-technical stakeholders. By leveraging user
stories and conducting iterative reviews of the requirements document, the framework
minimizes ambiguity and ensures the final product aligns with stakeholder needs. The use of
sprints and a scrum master further enhances efficiency, ensuring the project is completed on

time and within budget. The proposed framework is illustrated in Figure 2.

Project
Manager

Project Loo------o----o2o-- | Elicitation of Requirement |- === ==~~~ :

Initiated W,;E‘ : :' """""" ;1' T
@‘ —> ;9, o®e ' -
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: &
1 : §
; . o o
: Non R o *'*I NO
} Technical A“°"°“ Technical 930&'3:“9“ Selection/

j stakeholders fy Refine
1

O€

b 868 Allo%-nion

Selection of Scrum Assign Tasks
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Figure 2. Proposed framework
To facilitate the implementation of the proposed framework in a Global Software
Development (GSD) scenario, an Android-based tool has been developed. This tool is designed
to enhance communication between companies, their customers, and clients, while also
improving collaboration within the organization and with non-technical stakeholders. It serves
as a comprehensive platform for communication, collaboration, and project management,
enabling companies to manage their projects more efficiently and effectively.
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The tool allows project owners to open projects for auction, enabling development
teams to submit bids. It also supports task assignment, sprint scheduling, and progress tracking,
ensuring seamless project execution. By leveraging this tool, companies can adopt the proposed
framework in a more streamlined and efficient manner. It fosters effective communication and
collaboration between technical and non-technical stakeholders, ensuring that the final product
aligns with stakeholder requirements. Moreover, the tool is particularly well-suited for the Global
Software Development scenario, as it enables teams to collaborate effectively across different
geographic locations and time zones. By providing a centralized platform for project
management and stakeholder interaction, the tool helps bridge the gap between distributed
teams, ensuring smooth coordination and timely delivery of projects.

Requirement Elicitation.

The requirement elicitation process is a critical phase in any project. In this framework,
three methodologies are integrated and employed to gather requirements from non-technical
stakeholders effectively [20]. These methodologies include interviews, brainstorming and user
stories and the positive aspects of each approach are integrated to ensure that the final set of
requirements is accurate, complete and unambiguous. The project manager plays a key role in
this process, initially interviewing the non-technical stakeholders to gain an understanding of
their needs and requirements. These requirements are then documented in a requirements
document, which is used as a basis for the development team to start the brainstorming sessions.
During the brainstorming sessions, technical stakeholders utilize their expertise to identify any
ambiguous or unclear requirements in the document. Once such issues are flagged, the non-
technical stakeholders are consulted to clarify and refine the requirements, making necessary
adjustments to the document. To further eliminate ambiguity and enhance clarity, user stories
and storyboards are developed based on the finalized requirements document [21]. These user
stories and storyboards help ensure that the requirements are clearly defined and unambiguous,
providing a clear and concise understanding of stakeholders' expectations. The entire
requirement elicitation process, including the three methodologies used and their integration, is
illustrated in Figure 3. By combining these methodologies, the project team can ensure that the
final set of requirements accurately reflects the needs and expectations of non-technical
stakeholders, resulting in a high-quality product. The requirement elicitation process involve
stakeholders not only from the project's immediate domain but also from adjacent industries,
enabling cross-domain insights and innovative solutions.

- Elicitation of Requirement } ------------------------------------

— 8

Requirement Initialization

User

PROJECT i ?
T

Figure 3. Requirement Elicitation
Requirement Analysis and Specification
As demonstrated in Figure 4, after the requirements are elicited and it has been ensured that
there is no further ambiguity left all the requirements are clear and the requirements analysts
start to analyze the requirements from a technical perspective. Understanding how the database
was structured how many classes was used how the classes interact with each other to make sure
that everything is working,

User Stories
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Figure 4. Analysis and Specification

Once the requirements are analyzed, an ambiguity check is applied again to check if
some requirement is ambiguous If an ambiguity is found then non-technical stakeholders was
consulted and the ambiguity was removed. If in case of ambiguity, the requirements are then
again sent to the project manager and then consulted with the non-technical stakeholders, Then
the user stories are used again for clarity in the requirements. The user stories are the best way
to remove ambiguity as the behavior of the user is clarified using this approach. After that, the
dependent requirements are checked. Some dependent requirements are found that might affect
the sequence of events while development might also affect the requirement prioritization, the
non-tech stakeholders are informed [21]. In case some requirement is found to be contradicting
with some other requirements. The non-technical stakeholders are then consulted about the
conflicting requirements and the conflict is resolved. Once all the confusions are resolved and
the requirements are refined and prioritized, the refined requirements are documented and given
to the project manager.

Allocation and Implementation.

Once the requirements are documented the project manager reviews the requirements
and selects the scrum master for it. The scrum master then selects the relevant people with
relevant expertise. The Sprint schedule is designed and the implementation of the projects starts,
as shown in Figure 5.

—————————————————— -i Allocation & implementation |» P S

S @ R

Selection of Stakeholders

Selection of Scrum Team

f((_l,—l o ® :
> Hy :

S50 :
Assigning Task Allocation of Resources :

Figure 5. Allocation and implementation

If the developer gets confused about some requirement while development, the scrum
master is consulted, The Scrum master give the answer but if the answer is not known to the
scrum master, then the project manager is consulted and eventually, if none of the technical
stakeholders clears the confusion, the non-technical stakeholders are consulted. After the
development, the product is delivered to non-technical stakeholders.
Android Based Tool
The proposed methodology is is new requirement elicitation tool that help the development
team to elicit the requirement unambiguously. Figure 6 shows the steps being followed by the
tool.

Project - Stakeholder - Requirement - Expert

Identification Identification elicitation selection

Figure 6. Steps followed in Android-based tool
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Identification of Project.

This step is taken by the developers where they analyze their expertise and then select
the project according to their expertise and experience. Here every project has some criteria
based on which it is selected. For example, the criteria include the domain and nature of the
project whether it is a mobile app web app or requires both to be developed. What are the system
constraints and how the system was able to meet those constraints? These checks and constraints
are demonstrated in Figure 7.

Project - Project -Technologies- Expertiese of
domain - constraints - to be used - team

Figure 7. Steps followed in project selection
Identification of Stakeholders.
Who was the end user of the product, and who was the owners of the product? Who provide
the requirements for the product? The answers to these questions help to identify the
stakeholders of the project. Stakeholders are categorized into two groups. technical and non-
technical stakeholders.
Technical Stakeholders.

These include the development team (developers, testers, requirement engineers, and
project managers) or any stakeholders with technical knowledge or a technical background. In
short, anyone who understands the technical aspects of the project is considered a technical
stakeholder. They can also participate in the requirement elicitation phase to clarify any
ambiguities. Their involvement helps them better understand the project and ensures that
requirements are developed with minimal ambiguity.

Non-Technical Stakeholders.

These are individuals who are not familiar with technical aspects but are connected to
the project in some capacity. They can include the product owners and end users. The owners
may only have an idea they believe succeed in the market and seek its development as quickly as
possible. Despite their lack of technical knowledge, the information they provide is crucial to
the project's success. They supply the requirements that guide the development of the final
product. Their role is just as vital as that of technical stakeholders since the technical team
develop the product based on their vision. This stakeholder division is also illustrated in Figure
8.

Stakeholders

Non
Technical
Stakeholders

Technical
Stakeholders

Developers Designers Testers Owners End users

Figure 8. Stakeholders categorization
Requirement Elicitation.
For the requirement elicitation process, the storyboarding and the prototyping was used.
As discussed by several systematic literature reviews discussed in section 2 these methodologies
have been proven optimal to gather the requirements very efficiently, effectively and
unambiguously. The requirements were gathered by as many stakeholders as possible. Then the
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requirements were refined, the duplicates were removed and the requirements was made ready
to give to the experts. This whole process is demonstrated in Figure 9.

Prototyping

Elicited
Requirements

Refine
requirements

Remove
duplicates

Storyboarding

Figure 9. Requirement elicitation process
Expert Selection.

The process of selecting the right experts for a project is a critical step in ensuring its
success. The experts chosen by the project manager was responsible for the development of the
product and therefore their selection should be done with great care. A wrong selection of
experts can lead to delays, cost overruns and even project failure. Therefore, the project manager
must choose the experts wisely, ensuring that they have the necessary technical expertise and
experience to complete the project successfully [22]. The experts who participate in the
development of the products include developers, designers and testers. The project manager
selects these experts based on several variables, including their experience, the agile model they
have worked in and their domain of expertise. Once the experts have been selected, the project
manager provide them with the required documents, including a list of tasks and the duration
of sprints. This helps the development team understand what is expected of them and ensure
that the project is completed on time and within budget. Figure 10 provides a visual
representation of this process. It is important to note that the selection of experts is just one
step in the product development process [23]. To ensure a successful outcome, the project
manager must also ensure that the team members work together effectively, communicate
regularly and have access to the resources they need to complete the project. By carefully
selecting the right experts and providing them with the support they need, the project manager
can increase the likelihood of project success. Experts was selected from varied industries and
professional backgrounds to ensure a comprehensive understanding of the project requirements.
This approach help address challenges that may not be apparent within a single domain

: - < ” Analyzing the
Analyzing years Andiyelnedicla methodology of Expert selection

of experience of experience

experience

Schedule of

List of tasks SRS

aprints

Figure 10. Expert selection process
Results And Discussion.

The experiment was designed to evaluate the effectiveness of the proposed framework
in terms of the quality of the requirements elicitation process and the efficiency of the
development team. The experiment was conducted using a sample of software development
teams, which were randomly assigned to either the experimental group or the control group.
The experimental group was provided with the proposed framework for requirements elicitation
in the Agile model, while the control group used the traditional requirements elicitation
approach. The performance of both groups was evaluated using various metrics, including the
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number of requirements elicited, the time taken to elicit the requirements, the quality of the
requirements and the overall satisfaction of the development team.

The results of the experiment indicated that the proposed framework for requirements
elicitation in the Agile model was significantly more effective and efficient than the traditional
approach. The experimental group elicited a higher number of requirements in less time and
with a higher level of quality than the control group. Additionally, the development team using
the proposed framework reported higher levels of satisfaction with the requirements elicitation
process. In conclusion, the experiment demonstrated that the proposed framework for
requirements elicitation in the Agile model is a promising approach to address the gap in the
requirements elicitation phase of the software development life cycle. The results of the
experiment support the hypothesis that the proposed framework can improve the quality and
efficiency of the requirements elicitation process in the Agile model of software development.
Experiments.

To test and evaluate the performance of the proposed framework an extensive
experiment is designed. Two teams of 50 members each were chosen with equal expertise in
them. Expertise was judged using the experience of the members and the number of different
projects they have completed. The same project was assigned to both of them one of them used
the proposed framework and the other one used traditional agile methodology. Then after the
development process was complete both of them were surveyed and the results were compared.
The validation of results is performed using some statistical analysis such as Reliability analysis
and T-test analysis.

Parameters.

The parameters chosen for the evaluation of the proposed framework are as follows.
Correct project selection

Correct technical and non-technical stakeholder classification

Requirement clarity

Ambiguity

Allocation of tasks

Communication

Collaboration

Sprinting

These are the common attributes in the traditional agile way and the proposed
framework. A survey was conducted to collect the data.

Demographic Information.

The two teams were selected for one project, Both of them had similar expertise levels
and an equal number of professionals in their respective fields. The breakdown of the team
members is
1 Project Manager
4 Requirement analysts
20 developers (different areas)

10 SQA engineers

8 designers

4 development team leads (for their respective area)

2 SQA team leads

1 designing team lead

Each member of both teams was carefully selected based on their expertise and
experience in their respective fields. The teams consisted of individuals with an equal number
of years of experience and completed projects, ensuring that each member brought valuable
knowledge and skills to the table. Once the project was finished, each team member was
provided with a survey to assess their satisfaction with the project and their overall experience

NSO~ WDNE
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working on the team. The survey results were carefully recorded and analyzed, providing
valuable insights into areas where the team excelled and areas where they could improve in future
projects.

Hypothesis.

A hypothesis is the expected outcome of this research. Hypothesis also means the
prediction of results made by the researcher before conducting the experiments. Researchers
then work to prove their hypothesis.

The null hypothesis assumes that there is no relation between the parameters and if there
is then it is by chance. For this research, there are no dependencies between the parameters so,
a null hypothesis is used. An alternate hypothesis is the opposite of the null hypothesis.

o Null Hypothesis. The proposed framework has improved the process of requirement
elicitation and has reduced the challenges.

. Alternate Hypothesis. The proposed framework does not improve the process of
requirement elicitation and has reduced the challenges.

To evaluate the effectiveness of the proposed framework, a one-way Analysis of
Variance (ANOVA) was performed on the collected data. The ANOVA test was used to assess
whether there were statistically significant differences in key variables such as project selection,
requirement clarity and stakeholder collaboration. The independent variable in this analysis was
the framework used, while the dependent variables were the measured project efficiency
indicators. Assumptions of normality and homogeneity of variance were checked before
conducting the ANOVA test to ensure the reliability of the results. This statistical approach
provided an objective assessment of the framework’s impact on requirement elicitation and
validation. Additionally, ANOVA was utilized to compare the engagement levels of technical
and non-technical stakeholders at various project stages. This analysis helped determine if
significant variations existed in stakeholder participation during requirement elicitation,
ambiguity resolution and final requirement documentation. Post-hoc tests were conducted to
pinpoint the specific project stages where engagement levels differed. The insights gained from
this analysis allowed for the identification of key phases where increased stakeholder
involvement could further enhance requirement accuracy and overall project success.

Data Collection.

For data collection online tools are used ie. Google Forms. The single survey is
generated and given to both teams ' turn so that it can be differentiated that the first 50 responses
are coming from the team using traditional agile and the next 50 responses are coming from the
team using the proposed framework.

The experiment was conducted physically and the team using the traditional agile
methodologies was not told that the other team was using the proposed framework to retain the
anonymity of the teams. Both teams collected the requirements very extensively and then
worked in a good manner and delivered the product within a given deadline. After receiving the
product, a survey was sent to both teams and the data was received.

Results.

The data collected was statistically analyzed. For data analysis two tests were executed,
reliability analysis and T-test analysis.
Reliability Analysis.

This analysis means that the values taken are reliable or not it takes 10 consistent readings
to find the average variance between the variables and find the validity of the hypothesis. Its
values lie between 1 and -1. This Analysis is performed on the input from both teams.

This analysis is the test that the variables are co-related to each other and can have some
internal consistency among them. This most common reliability analysis is Cronbach’s alpha.
Cronbach’s alpha checks the internal consistency of the data and gives the value from 0 to 1.
The higher the value is higher the reliability. There are chances that the value might be negative.
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Negative value means there is negative covariance in the data and negative covariance means
that the data is not reliable. It is globally accepted that the good reliability value for the data to
be considered reliable is 0.7 and above. The mathematical representation of Cronbach’s Alpha
is given by equation 1.

Cronbach's alpha ranges from 0 to 1, with higher values indicating greater internal
consistency or reliability. A Cronbach's alpha value of 1 indicates that all the items in the scale
or questionnaire are perfectly consistent with one another and measure the same underlying
construct. A Cronbach's alpha value of 0 indicates that there is no relationship between the items
in the scale or questionnaire.

_NC
a= v+(N+1 )

Cronbach's alpha has some limitations. For example, it assumes that the items in the
scale or questionnaire measure a single underlying construct and it may not be suitable for scales
or questionnaires with multiple dimensions. Additionally, it can be affected by the length and
complexity of the scale or questionnaire, as well as the sample size and the characteristics of the
population being studied. Therefore, it's important to interpret the results of Cronbach's alpha
in light of these factors and the specific context of the research. The results obtained after
applying the Cronbach’s alpha on the data received from the team that used the proposed
framework were promising, the Cronbach’s alpha value received was 0.761 Which means that
the data is highly reliable enough to proceed with the experiment.

The results obtained after applying the Cronbach’s alpha on the data received from the
team that did not use the proposed framework were promising, the Cronbach’s alpha value
received was 0.752 Which means that the data is reliable enough to proceed with the experiment.
The results obtained after applying the Cronbach’s alpha on combining the data from both teams
were also promising, the Cronbach’s alpha value received was 0.775 Which means that the data
is reliable enough to proceed with the experiment. These results are combined and summarized
in Table 2. This shows that the internal consistency of the data is good enough to be considered
reliable data. This means that the data obtained can be used for experimentation.

Table 2. Reliability Analysis of data

Data With proposed | Without proposed Combined
framework framework
Cronbach’s
Alpha’s Value 0.761 0.752 0.775

As the data from both teams was reliable enough to proceed with the experiment The
next analysis was conducted to compare the data of both teams to observe which team
performed better. The reliability analysis is a statistical methodology that is used to observe the
internal consistency of the data. The higher internal consistency means higher reliability which
is why it is globally considered that if the value of Cronbach’s alpha is higher than 0.7 the data
is considered to be reliable. But if the value of Cronbach’s alpha is lower than 0.7 then the data
is not good enough to experiment on. This also means the survey must be conducted again.
Another factor that comes in is the negative value. The negative value means that there is a
negative average co-variance. This means that there must be something wrong with the data.
But in the case of this research the values of Cronbach’s alpha are up to the mark and are higher
than 0.7 This means that the collected data is good to use for an experiment.

T Test Analysis.

T Test analysis is used to compare the mean of two datasets. In the case of this research,
the null hypothesis states that the mean of the data from the team that used the Proposed
framework is higher than the data from the team that did not use the proposed framework. To
compare the mean of the two datasets this analysis uses equation 1 for computation.
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The T-test is used when the sample size is small and the standard deviation is unknown,
making it difficult to determine if the means of the two groups are significantly different from
each other. The t-test takes into account the sample size, the mean and the standard deviation
of each group to calculate a t-value, which is then used to calculate the probability that the two
groups are significantly different. The T-test assumes that the data is normally distributed and it
is important to check for normality before performing the test. The test also assumes that the
samples are independent and there is no relationship between them. If the two samples are
dependent, a paired t-test is used instead.

This analysis compares the statistical data of two classes. This analysis creates a standard
value for each variable after observing the values of the variables and then tells which class has
the lesser standard error. In this case, the responses from both teams were compared and the
results for each variable are given in Table 3. In summary, t-test analysis is a statistical method
used to compare the means of two groups of data to determine if they are significantly different
from each other. It is a commonly used method in hypothesis testing, which helps researchers
to make evidence-based conclusions about the differences between the two groups.

Table 3. T-Test Analysis results

) Standard error with a | Standard error without
Variable Name
proposed framework | proposed framework
Project Selection 0.071 0.086
Tech/non-tech 0.075 0.112
classification
Requirement Clarity 0.073 0.104
Ambiguity 0.072 0.105
Allocation of tasks 0.071 0.091
Communication 0.077 0.121
Collaboration 0.081 0.286
Sprinting 0.071 0.076

After observing the results, it can be seen that in every variable the team that used the
proposed framework performed better than the team that did not use the proposed framework.
To further assess the applicability of the proposed framework, it was evaluated across multiple
project types, including mobile applications and enterprise solutions. The experiment revealed
that the framework is adaptable and scalable to varying project scopes. For mobile applications,
the framework enabled faster elicitation of feature-specific requirements tailored to end-user
needs, ensuring clarity in rapidly evolving iterations. In enterprise solutions, the framework
proved effective in managing the complexity of integrating diverse technical and non-technical
stakeholder inputs, improving task allocation and communication in larger teams. The
adaptability of the framework across these projects underscores its utility in addressing
requirements elicitation challenges in both small-scale agile applications and large-scale
enterprise systems, highlighting its versatile application to diverse software development
environments. Graphically the results are shown in Figures 11, 12 and 13. This certainly proves
the null hypothesis of this research
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Standard error without proposed framework
0.35
0.3
0.25
0.2
0.15
0.1
0
oo , A el £ oo
é}p (?.Qé\ }&{'- ) '%)'@' {b{, - ‘?0 {b"{) y é&
& o & & & s i of
g @ P v P & &
Pe)l & & P
q & & o
o *
@\\‘
<&

W Standard error without proposed framework

Figure 12. Standard error without proposed framework
The ANOVA results indicate statistically significant differences (p < 0.05) across all
measured variables, including project selection, requirement clarity and collaboration. The team
utilizing the proposed framework demonstrated superior performance in each of these aspects
compared to the team following conventional methods. The analysis highlights the framework’s
effectiveness in streamlining project selection, reducing ambiguities in requirements and
enhancing stakeholder collaboration, ultimately leading to improved project outcomes.
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Figure 13. Comparison between standard error

A detailed comparative analysis was conducted to evaluate the impact of the proposed
framework on reducing ambiguities and improving stakeholder satisfaction compared to
traditional methods. The ambiguity metric was reduced by 30% when using the proposed
framework (mean value. 4.2/5) compared to the traditional method [15] (mean value. 3.1/5).
Similarly, stakeholder satisfaction improved by 25%, as indicated by survey responses where
participants rated their overall experience and clarity higher under the proposed framework.
Conclusion.

Requirement elicitation plays an important role during the software development life
cycle. The selection of improper requirement elicitation methods affect the quality of developed
software. Agile methodologies are popular in the industry and follow an incremental approach
to developing software. Agile methodologies give value to customer’s needs, interaction among
teams, interaction with customers and change management. Researchers proposed methods for
requirement elicitation in agile software development. The objective of this research is to
investigate the issues faced during requirement elicitation in agile software development. To
meet our objective, we identified the method that motivates the requirements elicitation in agile
software development. After identifying the literature systematic literature review was
performed. An introductory overview, publications trends and values, strengths and limitations
was highlighted. Based on the identified limitations, we proposed a new requirement elicitation
method useful in agile software development. A case study-based experiment was performed to
evaluate the effectiveness of our proposed approach. For future work, we recommend
leveraging machine learning and natural language processing (NLP) techniques to automatically
extract, classify and prioritize both functional and non-functional requirements from stakeholder
communications, documents and feedback. This automation could enhance the accuracy and
efficiency of requirement elicitation in agile software development.
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