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Effective prioritisation of user stories in Agile-Scrum projects is pivotal to ensuring
optimal allocation of resources and meeting both user and system requirements. The
process of prioritising user stories requires careful stakeholder analysis to determine
their influence, the significance of their story, and the value it adds to the project.
Common challenges, such as conflicting views, stakeholder exclusion, requirements
overflow, insufficient stakeholder input, and incorrect prioritisation of user stories,
are typical. This study presents an innovative approach to user story prioritisation by
integrating stakeholder analysis as part of the user story prioritisation process in the
Agile-Scrum method. The analysis employs fuzzy logic operations to rank
stakeholders based on selected parameters, facilitating a more comprehensive
understanding of their contributions and concerns. The study’s application focuses
on the context of an ATM system’s requirements and associated user stories.
Feedback was gathered from software experts well-versed in practising the Agile
methodology within their respective organisations. Results from this study highlight
the positive impact of stakeholder analysis during the prioritisation process. At the
same time, the software experts praised the approach’s ability to integrate functional
and non-functional user stories during the prioritisation process. By systematically
addressing stakeholder perspectives, this approach ensures a balanced consideration
of diverse user needs and system requirements, ultimately enhancing the accuracy
and efficacy of user story prioritisation within Agile-Scrum projects.

1. Introduction

Requirements engineering (RE) is a crucial process in the software development life cycle (SDLC)
to establish users’ and system requirements [1]. Stakeholder identification is acknowledged to be
one of the vital inputs to the process of requirements engineering [2]. Stakeholder analysis (SA) is
therefore one of the key considerations of the requirements generation process. A stakeholder is
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viewed as an actor with potential input, influence or beneficiary of the system. To secure the
participation of the most significant stakeholders in the project, these stakeholders should be given
elevated priority to prioritise the requirements [3] since the correct prioritised requirements that
meet the stakeholders’ needs are vital [4]. The problem being addressed in this study is a lack of a
comprehensive and systematic method for integrating stakeholder analysis into the user story
prioritisation process. The absence of a structured approach often results in imbalanced prioritisation
decisions, where certain stakeholder needs are overlooked, leading to suboptimal project outcomes.
Therefore, there is a clear need to address these challenges by developing a robust procedure that
seamlessly incorporates stakeholder analysis, utilizing methodologies such as fuzzy logic operations,
to holistically assess stakeholder contributions and concerns. This study aims to bridge the gap by
proposing an Integrated User Story Prioritization Approach (i-USPA) that addresses stakeholder
analysis issues within the Agile-Scrum method, ultimately enhancing the accuracy and efficacy of the
prioritization process.

The novelty of prioritising user stories using the i-USPA lies in its comprehensive and innovative
approach to ensure that software development projects are successful, produce high-quality
software, and address both functional and non-functional requirements effectively. Some of the key
points that highlight the uniqueness of i-USPA are:

1. Integrated Approach: i-USPA integrates multiple techniques, such as Planning Game,
Analytic Hierarchy Process (AHP), and Stakeholder Analysis, into a single prioritisation
framework. This integration allows for a holistic consideration of various aspects of user
stories, ensuring that they align with project goals and stakeholder needs.

2. Planning Game (PG): The incorporation of the Planning Game, which is an agile
methodology for user story prioritization, emphasizes collaboration and transparency.
This ensures that stakeholders are actively involved in the prioritization process, making
it more likely that the final prioritization reflects the collective vision of the project.

3. Stakeholder Analysis (SA): By conducting a thorough stakeholder analysis, i-USPA
minimizes the risk of biases in the prioritisation process. Understanding the varying needs
and preferences of different stakeholders allows for a more balanced and representative
set of priorities.

4. Concurrent Prioritisation of Functional and Non-functional User Stories: One of the most
distinctive features of i-USPA is its ability to prioritise both functional and non-functional
user stories concurrently. This addresses the common problem of neglecting non-
functional requirements until later in the development process. By addressing non-
functional requirements early, the approach ensures that quality attributes like
performance, security, and usability are considered from the outset, reducing the risk of
costly rework and quality issues.

Prioritising non-functional user stories early in the project life cycle demonstrates a proactive
approach to managing software quality. This is especially important in ensuring that the software
meets not only its functional requirements but also the critical quality attributes that often determine
the success of the application. In summary, i-USPA is a novel approach to user story prioritization
that addresses the limitations of traditional methods by integrating multiple techniques, involving
stakeholders, and prioritizing both functional and non-functional aspects. By emphasizing the early
consideration of quality attributes, it contributes to the development of high-quality software that
aligns with stakeholder needs and project goals.
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This study article is structured as follows: The related work is presented in section 2 after the
introduction. The proposed prioritising approach is then provided in Section 3, together with
stakeholder analysis. The outcomes of the study are addressed in Section 4. Section 5 brings the
paper to a close.

2. Related Work

Requirement prioritisation (RP) refers to the process of selecting the optimal set of requirements
from a deluge of overlapping and conflicting requests made by numerous stakeholders involved in a
software development project. Prioritisation is one of the key stages in software development,
because it enables programmers to make rational decisions and determine which requirements are
the most important to fulfil. This has been verified by a study which found RP to have a strong working
relationship with a few other crucial technical practices, including interaction with techniques for
requirements engineering, requirements analysis, and general software engineering [5]. Besides, in
order to ensure the success of software projects, based on the survey done by [35], there are four
project success categories: quality, scope, time, and cost.

RP is an essential part of requirements management in order to select the requirements based
on a set of predetermined criteria and implement them in stages [6-8]. Stakeholders [9], system
functioning [10], cost [11], processing time [11,34], risk concerns [12,13], and business values [7] are
a few frequent factors that decide RP. Developers and stakeholders are always involved in RP
activities [14]. The two sides have different priorities and areas of interest [15]. Stakeholders
emphasise necessity, needs, and corporate principles [16,17]. Developers are aware of internal
limitations such dependency between functions or needs, even though they are also worried about
project qualities like effort [16] and cost [17,18].

The requirements are gathered from many stakeholders prior to the RP; therefore, the first step
in the RE process is to comprehend the idea of a stakeholder. Requirements that have been
thoroughly documented affect the software’s quality. Software quality depends on well-defined
parameters. Additionally, the software may not function properly if the exact requirements are not
met. The RE process must be carried out in a way that guarantees the involvement of all right
stakeholders. Prioritising stakeholders is one of the most prominent difficulties. The current system
of prioritising stakeholders is inadequate and does not offer a full range of options. As a result, there
would still be a chance that a project would not be accepted.

Stakeholders can be classified into two basic types of interest groups [19] and major and
secondary classifications. Those who are directly, significantly, or possibly impacted by an
organisation’s actions are considered primary. Those who are secondary are impacted secondarily or
would experience an impact which would be considered less important. This classification is almost
universally accepted. There is, however, no useful mechanism to ascertain the immediate and long-
term effects of each stakeholder. Nevertheless, stakeholders can also be divided into three groups
and prioritised as follows: crucial, namely those who are required for the business to survive;
strategic, namely those linked to pertinent opportunities or threats; or environmental issues, namely
those that do not fall within either of the first two categories [3].

According to the analysis of SA in RP procedures conducted by [20], only 5 out of 66 RP procedures
include the SA process in their RP procedure. These methods include RUPA, PHandler, VIRP, Evolve
and mathematical programming. Evolve was the first RP method to implement the AHP and execute
the SA. However, the AHP implementation is considered time-consuming, as it requires pairwise
comparisons, which creates a scalability problem when there are a large number of stakeholders.
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The VIRP approach was presented by [21] in 2001. The SA approach is used in this technique’s
prioritisation process to prioritise the needs. It implements SA by having experts grade the
stakeholder profiles and determine the influence value of each participant on a scale of 1 to 10,
according on the significance and potential impact the needs could have on the project’s
performance.

Another RP technique that SA has included in its prioritisation process is the RUPA technique [22].
With the support of experts and a project manager, AHP methods were used to manually carry out
the SA procedure. The mathematical programming technique was the second RP technique to
consider the SA process. This technique incorporates SA into their RP process, but unfortunately does
not provide a description of how SA is carried out in their process. The most recent RP technique,
PHandler [23], conducts a SA process based on the VIRP technique to solve the scalability problem in
RP. Like the VIRP technique, this method also implements the SA process by assigning impact values
to each stakeholder involved in the demand prioritisation. As this technique performs the SA process
manually, the SA method used suffers from being time-consuming and highly dependent on specialist
involvement.

To implement the SA during the prioritisation process, a better prioritisation approach needs to
be developed. In this study, the prioritisation process integrates FUs and NFUs simultaneously,
focusing on the agile Scrum methodology. The proposed prioritisation approach also implements the
hybrid methodologies (PG and AHP) to address the problem of scalability in prioritising requirements
or user stories to provide high-quality software on schedule and on a limited budget.

3. The Proposed Approach

This suggested method makes it possible to include the evaluation of numerous stakeholders.
Depending on their choices, it may also take into account the importance of each requirement or
user story. The ten steps of the suggested method are presented in Table 1 and Figure 1.

Table 1
The basic steps of i-USPA
Step No Description

Step 1 A product owner (PO) will identify the relevant stakeholders for the software project
Step 2 A PO specifies and assigns weights of the stakeholders based on some parameters
Step 3 PO identifies all functional user stories (FUs) & non-functional user stories (NFUs)
Step 4 Apply Planning Game (PG) to all FUs & divide them into 3 sections

Step 5 Produce Pairwise Comparison Matrixes

Step 6 Select pair FUs & NFUs, elicit & calculate the importance degree of a NFU for a given FU

Step 7 Calculate NFUs ranking with respect to all FUs using TFN and alpha cut approach

Step 8 Calculate FUs Ranking

Step 9 Aggregate prioritized lists of FUS & NFUs provided by various stakeholders to obtain final rankings
Step 10 Estimate User stories
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Fig. 1. The basic flow of i-USPA

To prove the concept of the proposed approach, the priority values for all the user stories
involved are collected from the opinions of software practitioners involved in agile software
development in their organisation.

Step 1: A critical step in the requirements elicitation process is stakeholder identification [11].
Before they can take part in the prioritisation process, the stakeholders in the system must be
identified by the product owner (PO). The five stakeholders in this study who assist in prioritising
both FUs and NFUs are S1, S2, S3, and S4, with another acting as PO.
Step 2: Using fuzzy logic, the PO determines the weighting of each stakeholder.
There may be some stakeholders who have the decision-making power for any software project,

and priority should be given to these stakeholders to ensure the involvement of important
stakeholders. The sub-steps for step 2 of the proposed i-USPA are shown in Figure 2.
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Fig. 2. Step 2 sub-steps

Sub-step 2.1: A PO will select the stakeholder.

Once the SA process is complete, the PO selects the project stakeholders and assigns them a
stakeholder weighting.

Sub-step 2.2: Apply Fuzzy Logic operations to all stakeholders based on some parameters.

In this sub-step, PO ensures the SA process. There are several parameters to be considered:

a)
b)
c)

d)
e)
f)

Designation-D (Position of the individual inside the company or under the official title).
Experience-E (Years of Organizational Professional Experience).

Interpersonal Relationship- IR (This is the term used to describe the relationship between
internal employees).

Power-P (How much power is needed to alter a proposed system’s requirements?).
Domain knowledge- DK (Level of General Business Knowledge in the domain).
Technology Knowledge- TS (Average familiarity with contemporary computer
architecture).
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g) Influence- | (How much influence will be exerted to cause or affect a project's
development?).
h) Interest - IN (How eagerly is the system responding?).

These parameters have been chosen based on the preferences of earlier research [1,25]. The
values of these selected parameters were given in accordance with the stakeholder prioritisation
model, as shown in Table 2 and the value matrix in Table 3 and 4.

Table 2

Model for prioritising stakeholders [24]

SLNo
Stakeho

Ider Name

Designation
Experience

Interpersonal Relationship

No of Stakeholder
Name of the person

Position of the person according to organization/ official title

Years of working experience in the organization
Label of relationship among the internal employee

Power How much authority exert to the system?
Domain Knowledge State of overall business knowledge
Technology Skill Average knowledge about modern computing system
Influence How much influence will exert or will be exerted
Interest How much eagerness to the system?

Table 3

Value Matrix [24]

SLNo  Designation (D)  Value Power (P) Value Domain Knowledge (DM)  Value
1 Top Most 10 Absolutely High 10 Absolutely High 10
2 Top Middle 9 Very High 9 Very High 9
3 Miserable Top 8 High 8 High 8
4 Upper Middle 7 Moderate High 7 Moderate High 7
5 Middle 6 Medium 6 Medium 6
6 Lower Middle 5 Moderate Low 5 Moderate Low 5
7 Upper Lower 4 Poor 4 Poor 4
8 Lower 3 Low 3 Low 3
9 Miserable Lower 2 Normal 2 Normal 2
10 Most Lower 1 Very Low 1 Very Low 1
Table 4
Value Matrix [24]

Experience (E)  Value Influence (1) Value Interest (IN) Value

10 Years 10 Absolutely High 10 Absolutely High 10

9 Years 9 Very High 9 Very High 9

8 Years 8 High 8 High 8

7 Years 7 Moderate High 7 Moderate High 7

6 Years 6 Medium 6 Medium 6

5 Years 5 Moderate Low 5 Moderate Low 5

4 Years 4 Poor 4 Poor 4

3 Years 3 Low 3 Low 3

2 Years 2 Normal 2 Normal 2

1Years 1 Very Low 1 Very Low 1
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Sub-step 2.3: Input values to all parameters for each of stakeholder.

In this sub-step, PO enters the values for all parameters for each of the stakeholder involved in
the project. The values are based on the stakeholder prioritisation model and the value matrix. Table
5 shows an example of entering values for all parameters for each stakeholder based on the
stakeholder prioritisation model.

Table 5

Stakeholder prioritisation model with values

SLNo SName D E IR P DK TS | IN

1 S1 Scrum 10Y  Absolutely Absolutely Absolutely Absolutely Very High  Absolutely
Master ~ (10) High(10)  High (10)  High (10)  High (10)  (9) High (10)
(10)

2 S2 CEO (10) 12Y  Absolutely Absolutely Absolutely Absolutely Absolutely Absolutely

(10)  High(10)  High (10)  High (10)  High (10)  High (10)  High (10)

3 S3 Assistant 7Y High (8) High (8) High (8) High (8) High (8) Very High
Manager  (7) (9)
(7)

4 S4 Manager  6Y Absolutely Absolutely High (8) High (8) Very High  Absolutely
9) (6) High (10) High (10) 9) High (10)

Sub-step 2.4: Compute the stakeholder’s weights using fuzzy inference rule.

In sub-step 2.4, the parameters were compared using ‘fuzzy logic’ to see how they related to each
other. Each group was then subjected to a union and intersection analysis. When only parameters
with the highest values are taken into account, the best outcome from the related types of
parameters is found using the union operation, and the best outcome from all parameters is found
using the intersection operation. Table 6 shows the fuzzy operations that apply the fuzzy inference
rule to determine the links between each criterion for each stakeholder involved.

Table 6
Fuzzy operation [25]
No Group Wise Operation Output Final Output Comment
(Finishing the
intersection
operation)
1 Influence Y Power Preferred value is Common value of  The designation
the highest (max) all parameters will  can take into
2 InterestVUTechnology ~~ Maximumvalueis  bepreferred (min) consideration to
Skill preferable (max) determine the
3 Interpersonal Highest value is priority of those
Relationship Y preferred (max) stakeholders if
Experience more than one
4 Domain Knowledge N The preferred value value is
Designation is common (min) comparable.

Table 7 illustrates a fuzzy operation with designation and domain knowledge for each of the
stakeholder involved in a project.
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Table 7

An illustration of fuzzy operation with designation and domain knowledge
SLNo D = Designation DK= Domain Knowledge A=D N DK

1 10 10 10

2 10 9 9

3 7 8 7

4 9 8 8

Table 8 illustrates a fuzzy operation with power and influence for each of the stakeholder involved
in a project.

Table 8
An illustration of fuzzy operation with power and influence
SLNo P = Power I= Influence B=p U]
1 10 9 10

2 10 10 10

3 8 8 8

4 10 9 10

Table 9 illustrates a fuzzy operation with interest and technology skill for each of the stakeholder
involved in a project.

Table 9

An illustration of fuzzy operation with interest and technology skill
SLNo IN = Interest TS= Technology Skill C=INVTS
1 10 9 10
2 10 10 10
3 9 8 9
4 10 9 10

Table 10 illustrates a fuzzy operation with interpersonal relationship and experience for each of
the stakeholder involved in a project.

Table 10
An illustration of fuzzy operation with interpersonal relationship and experience
SLNo IR = Interpersonal Relationship | E= Experience D=IRVE
1 10 10 10
2 10 10 10
3 9 7 9
4 10 6 10

Table 11 illustrates the priority settings for all stakeholders involved in a project and their final
weights and ranks for all stakeholders based on the fuzzy operations. The results of all operations
(from Table 6 to Table 9) are included in the final table (Table 10) to obtain the results of the
intersection operation (minimum values) that provides the best values of the stakeholders involved.
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Table 11

An illustration of setting prioritisation for all stakeholders

SLNo A B C D R=ANBNCcND

1 10 10 10 10 10/10 = 1.0% (Rank 1)
2 9 10 10 10 9/10 = 0.9% (Rank 2)
3 7 8 9 9 7/10 = 0.7% (Rank 4)
4 8 10 10 10 8/10 = 0.8% (Rank 3)

Based on the final relative weights or values in Table 11, the prioritised stakeholders are listed in
Table 12 according to their ranking.

Table 12
Example of setting prioritisation for all stakeholders
SLNo SName
1 S1
2 S2
3 S4
4 S3

Sub-step 2.5: Give each stakeholder its appropriate amount of weight.

The selected stakeholders can be ranked in this sub-step according to the values of these
stakeholders. To prioritise the user stories, a relative weight is assigned to each stakeholder based
on the data obtained in this sub-step. When many stakeholders represent the same value, the
designation or position within a certain organisation is taken into account to determine which
stakeholder takes precedence.

Step 3: PO identifies all functional user stories (FUs) and non- functional user stories (NFUs).

Finding the FUs and NFUs that should be incorporated into a software system with the highest
priority is the third step of the i-USPA process. Here, the numbers n and m represent the number of
FU and NFU candidates, respectively. Suppose there are n FU candidates, such as FU1, FU2, FU3,....
FUn, and m NFU candidates, such as NFU1, NFU2, NFU3,..., NFUm, which must be ranked using i-
USPA. The general rule is that there should be 5 to 15 requirements or user stories per sprint, with
20 requirements or user stories being the maximum. For the case of ATM system, 10 FUs and 5 NFUs
are thus identified as requirements to be prioritised. The example of FUs is shown in Table 13.
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Table 13
Example of the FUs of the ATM

FUID FU Description

FU1 As a Customer | want to Login to my account using card and PIN code So that | can per-
form the transactions

FU2 As a Customer | want to check the balance of my bank account So that | can
perform transactions.

FU3 As a Customer | want to withdraw cash from my bank account through ATM
So that I may save my time.

FU4 As a Customer | want to deposit cash in my bank account through ATM So that | may save
my time and perform transactions later.

FU5 As a Customer | want to deposit cheque in my bank account through
ATM So that | may save my time and perform transactions later.

FU6 As a Customer, | want to transfer money from my account to another
bank account through ATM, so that | may save my time.

FU7 As a Customer, | want to view transaction history for my bank account
through ATM, so that | can check the history of the transaction.

FU8 As a Customer, | want to print transaction receipt for my bank account
through ATM, so that | can refer to it later.

FU9 As a Customer, | want to change PIN number for my bank account
through ATM, so that | can maintain the security of my ATM account

FU10 As a Customer, | want to logout from my bank account through ATM,

so that | may end up my ATM session.

Only two categories of patterns for non-functional requirements (NFR), which are security design
patterns and fault tolerance design patterns are considered in this study. The fault tolerance design
patterns contribute to several software quality attributes such as reliability, availability, usability and
performance. These quality attributes are the critical factors that should be considered at an early
stage of software development. The reasons why these two NFR patterns were selected in this study
are because most of the functions in a software system or software product must be aligned with
these two NFRs to produce a high-quality software product and to ensure that the released software
product meets the needs of the users [26]. The NFR patterns used in this study have been adopted
from the research of [26]. The selected patterns were also tested with ten Scrum team members
during the research done by [27]. Examples of NFUs are listed in Table 14.

Table 14
Example of the NFUs of the ATM based on NFR patterns
NFU ID Name Description
NFU1 Availability The percentage of time that the software system is in operation to provide its
intended function
NFU2 Security The extent to which access to the desired function by unauthorized persons ca
n be controlled while still providing its function to users
NFU3 Usability The extent to which a user is able to understand, learn, use
and being attracted to a function
NFU4 Performance The extent to which how fast the system can interact with
the user to perform the desired function
NFU5 Reliability The extent to which the system can be expected to perform its intended funct

ion with required precision

Step 4: Apply Planning Game (PG) to all FUs & divide them into 3 sections.

A powerful multi-criteria decision-making technique, Saaty’s AHP, has been used in several
situations across a wide range of fields [28,29,33]. AHP is recognised as the best method since it
produces reliable results, straightforward to use, error-tolerant, and it is based on a ratio scale [33].
However, AHP suffers from scalability and time consumption [29]. As a result, the PG technique has
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been used in this study to divide all FUs into three divisions based on their business value, which
helps to minimise complexity, solve the scalability problem in AHP, and save time. The software
planning process in the context of ASD mostly uses the PG technique [30].

Figure 3 shows the Step 4 of the proposed i-USPA. In this step, PO selects the FUs and divides
them into three sections according to the business value. Table 15 shows an example of dividing ten
FUs into three sections according to their importance. For the first section, all selected FUs are
prioritised and estimated in the first sprint. The remaining FUs are prioritised and estimated in the
following sprints.

Step 4: Apply
Planning Games (PG)
to all FUs & divide
them into 3 sections

v
4.1: 4.2: 4.3:
Extremely Important Least
Important Important

Fig. 3. Sub-steps of step 4

Table 15
Example of the NFUs of the ATM based on NFR patterns
Section Section 1: Section 2: Section 3:
Extremely Important Important Least
(a need and business goal) Important
No of User Story 5 3 2

(Selected by PO)

Step 5: Produce Pairwise Comparison Matrices.

A decision matrix is produced by setting the matching FUs in rows and the NFUs in columns. The
nFUs and mNFUs are inserted into the decision matrix’s rows and columns, to produce the n x m
decision matrix D. D has been built as described in Table 16 using the previous step’s example as a
guide. For the first sprint, only five FUs are prioritised according to the FUs selected by PO for the
first section (extremely important, a need, and a business objective).

Table 16
Example of decision matrix, D
NFU1 NFU2 NFU3 NFU4 NFU5

FU1 D11 D1, D13 D14 Dss
FU2 D31 D;; D33 D34 Dys
FU3 D31 D32 D33 D34 D35
FU4 Dy Dy, Dy3 Dyq4 Dys
FU5 D51 Ds; Ds3 Ds4 Dss

Step 6: Select a pair of FUs & NFUs, determine and calculate the degree of importance of an NFU for
a given FU.

In this step, the decision-makers will rate the importance of each NFU for a given FU. FUs are
impacted by NFUs. As a result, the main objective of this phase is to determine the value of the
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impact. NFUs can have an impact on FUs in different ways. One of them is they can affect the priority
or value of a user story. For instance, if a NFU is that the system must offer 99.999% uptime, then
user stories that improve reliability or fault tolerance may be more important than user stories that
add new features. The nominal scale and the actual scale are two scales used by the i-USPA to
evaluate this extent. The nominal scale is an interface scale that is used to simplify the i-USPA for
communication with decision-makers so that they are not required to understand the details of the
actual scale. For internal calculations, however, i-USPA makes use of the actual numerical scale. Table
17 outlines the nominal and actual scale used by i-USPA.

Table 17

Nominal scale and actual scale of i-USPA
Nominal scale Actual scale
Very High Importance (VHI) 1

High Importance (HI) 0.75

Low Importance (LI) 0.5

Very Low Importance (VLI) 0.25

No Importance (NI) 0.001

Each decision maker is given a pair of FU and NFU (chosen from the rows and columns of matrix
D, respectively), and is then given a series of tasks with the goal of determining the importance level
of each NFU for attaining each associated FU. A nominal scale is used to assign each pair (FU and
NFU), indicating the degree of significance between the linked user stories. To complete the
components of the decision matrices as established in step 5, decision matrix D1, D2, D3, and D4
represent the opinions of five stakeholders. Table 18 provides a sample of these values. Note that
the figures enclosed in brackets correspond to the actual scale values.

Table 18

Example decision matrix with nominal scale values

Decision FUs FUs

Matrix NFU1 NFU2 NFU3 NFU4 NFU5
D1 FU1 VHI(1)  VHI(1)  VHI(1)  VHI(1)  VHI(1)

(Stakeholder 1) ~ FU2  HI(0.75) VHI(1)  HI(0.75) HI(0.75) VHI(1)
FU3  HI(0.75) VHI(1)  VHI(1)  VHI(1)  VHI(1)
FU4  HI(0.75) VHI(1)  VHI(1)  VHI(1)  VHI(1)
FUS  LI(0.5)  VHI(1)  HI(0.75) HI(0.75) VHI(1)
D2 FUL  HI(0.75) LI(0.5) LI(0.5)  HI(0.75) VHI(1)
(Stakeholder2) ~ FU2  LI(0.5)  LI(0.5)  HI(0.75) LI(0.5)  HI(0.75)
FU3  HI(0.75) HI(0.75) HI(0.75) VHI(1)  VHI(1)
FU4  LI(0.5)  VHI(1)  HI(0.75) HI(0.75) VHI(1)
FUS  VHI(1) LI(0.5)  VHI(1) L(0.5)  LI(0.5)
D3 FUL  HI(0.75) VHI(1)  HI(0.75) VHI(1)  VHI(1)
(Stakeholder3) ~ FU2  HI(0.75) VHI(1)  HI(0.75) HI(0.75) HI(0.75)
FU3  VHI(1) VHI(1) HI(0.75) VHI(1)  HI(0.75)
FU4  VHI(1) VHI(1) HI(0.75) VHI(1)  VHI(1)
FUS  HI(0.75) VHI(1) VHI(1) LI(0.5  HI(0.75)
D4 FUL  VHI(1) VHI(1) L(0.5)  HI(0.75) VHI(1)
(Stakeholder4) ~ FU2  HI(0.75) HI(0.75) LI(0.5)  LI(0.5)  HI(0.75)
FU3  VHI(1) VHI(1)  HI(0.75) HI(0.75) VHI(1)
FU4  VHI(1) VHI(1) L(0.5)  HI(0.75) VHI(1)
FUS  HI(0.75) VHI(1)  HI(0.75) LI(0.5)  HI(0.75)
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Step 7: Determine the ranking of NFUs in relation to all FUs using the TFN and alpha cut technique.

Once all pairings have been examined, i-USPA employs the TFN and alpha cut technique to
prioritise NFUs in relation to all FUs, reflecting the weighting for Step 8. The i-USPA generates a
prioritised list of NFUs by assessing the overall degree of relevance of each NFU with reference to all
FUs. An NFU may be classified as a high priority NFU if it achieves the highest overall relevance score
among all FUs. The subsequent sub-steps demonstrate how to calculate the NFUs’ priority vector in
detail. The sub-steps for Step 7 of the proposed i-USPA are shown in Figure 4.

Sub-steps for Step 7:

Step 7: Calculation of NFUs ranking which linked to
all FUs using triangular fuzzy numbers & alpha cut
approach

Sub-step 7.1: Convert the elements
of Matrix D into numerical values

A4

Sub-step 7.2: Set up triangular
fuzzy numbers (TFNs)

A 4

Sub-step 7.3: Construct the fuzzy
priority vector

A 4

Sub-step 7.4: Defuzzification
process

Fig. 4. Step 7 sub-steps
Sub-step 7.1: The elements of matrix D are converted into numerical values.

The decision matrix D is created by first converting all values given with the nominal scale of i-
USPA into the actual corresponding scales.

Sub-step 7.2: The triangular fuzzy numbers (TFNs) should be setup.

The TFN is calculated to combine the various relevance levels of each NFU for various FUs. The
fuzzy set theory can be used by TFN to merge the concepts of a decision-maker. TFN has been used
in this investigation because it is the type of fuzzy number used most frequently [32]. The following

equations serve as representations for the TFN, Tx;:

Toi = (Lyi, My, Hy), i = 1..m,and Ly, My, Hy; € [0.001,1] (1)

Mx, = "\/Dxia- Dy, Daye  Dm (2)
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where Lx; and Hx; represent the lowest and highest value of non-functional user story “x;”,
respectively; Mx; will be generated by calculating the geometric mean of all values belonging to the
non-functional user story “x;”; m is the total number of NFUs; n is the total number of FUs; and Dx; a
specifies an opinion of a decision maker toward the importance degree of the non-functional user

o,

story “x;” for achieving the functional user story “a”.
Sub-step 7.3: The fuzzy priority vector’s construction.

After calculating the TFN value for each NFU, the fuzzy priority vector, namely Fx, is generated
as illustrated in Table 19. The values of (Fx) are derived from Eq. (1):

Table 19

Fuzzy priority vector, Fx

X1 Xy Xm
Ty Ty, T

Sub-step 7.4: Process of defuzzification.

The defuzzification process is carried out by i-USPA using the alpha cut technique [33]. Using Eq.
(3), the estimated TFN values are transformed into quantifiable values, and the defuzzification is
completed to provide the priority vector W:

W(Fx;) = [B % fa(Ly) + (1= B) % fa(Hy) 0 S @, <1 (3)

where fa (Lx;) = (Mx; - Lx;) xa+ Lx;which indicates the left-end border value of alpha cut for; Fx;; and
fa (Hx;) = Hx; -( Hx;-Mx; ) xa, which shows the right-end border value of alpha cut for. Finally, using
the following Eq. (4), the vector NW of normalised weights is produced by normalising the estimated
priority vector, W:

W.

PR — ]
N Dy (4)

A decision maker is given a prioritised list of NFUs together with their key values in relation to all
current FUs by using the aforementioned procedures. The TFN and an alpha cut technique are utilised
in this stage to rank the NFUs that are connected to all FUs using the Integrated User Story
Prioritisation Approach supporting tool (i-USPT). Fuzzy numbers are used to lessen the different kinds
of ambiguity and competing requirements during a bid. This is done in order to produce reliable work.
The rule is to produce an inference output based on the input variables. The “degree of truth”, as
opposed to “true or false” standard, is employed in this method of counting. The values of the priority
vector of NFUs with regard to all FUs are illustrated in Table 20, in which the values of the matrix D’s
elements are created and converted to actual scales.
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Table 20
An illustration of how to compute NFUs priority vectors in relation to all FUs

Decision Matrix NFUs Fx w NW

D1 NFU1 (0.25,0.60415, 1.0) 0.61 0.145
NFU2 (0.75, 0.981004, 1.0) 0.93 0.221
NFU3 (0.75,0.794417,1.0) 0.83 0.198
NFU4 (0.75,0.794417,1.0) 0.83 0.198
NFU5 (1.0,1.0,1.0) 1.0 0.238

D2 NFU1 (0.25,0.511916,1.0) 0.568 0.178
NFU2 (0.25,0.521829,1.0) 0.573 0.180
NFU3 (0.25,0.60415,1.0) 0.615 0.193
NFU4 (0.25,0.650059,1.0) 0.64 0.201
NFU5 (0.5,0.828354,1.0) 0.79 0.248

D3 NFU1 (0.5, 0.699457, 1.0) 0.72 0.227
NFU2 (0.5, 0.819025, 1.0) 0.78 0.246
NFU3 (0.001,0.095002,1.0) 0.3 0.095
NFU4 (0.5,0.675479,1.0) 0.71 0.224
NFU5 (0.25,0.704971,1.0) 0.66 0.208

D4 NFU1 (0.5,0.803466,1.0) 0.777 0.222
NFU2 (0.5,0.844394,1.0) 0.80 0.229
NFU3 (0.25,0.608913,0.75) 0.55 0.157
NFU4 (0.5,0.557091,0.75) 0.59 0.169
NFU5 (0.5,0.812619,1.0) 0.781 0.223

Step 8: Calculate the FUs Ranking.

Other stakeholders may participate in the prioritization process. The final prioritized lists of FUs
and NFUs may differ depending on the perspectives of many stakeholders involved. To merge the
prioritized lists of FUs provided by different stakeholders into a single list, a weighted average matrix
must be created. Using Eq. (5), it is demonstrated how the priority vector R is obtained from the
weights in Sub-Step 7.4.

NW; .
R; = ’7‘=1Dij Ti=1..n (5)

The resulting vector R is then normalized to create the normalized priority vector of functional
requirements, NR, which ensures that the ranking values in the end will fall between 0 and 1:

NR; = £ (6)

The ultimate ranking is shown by the decreasingly ordered FUs, with the FU with the highest NR
value being the most crucial. Table 21 shows an example of calculation of FUs priority vectors with
respect to NFUs. These examples are from five stakeholders involved in a project.
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Table 21
Example of FUs priority vectors with respect to NFUs are calculated
Stakeholder FUs NFUs
NFU1 NFU2 NFU3 NFU4 NFU5 R(Eq5) NR(Eq6)
0.145 0.221 0.198 0.198 0.238
S1 FU1 1 1 1 1 1 1.000 0.079
FU2 0.75 1 0.75 0.75 1 0.865 0.067
FU3 0.75 1 1 1 1 0.964 0.075
FU4 0.75 1 1 1 1 0.964 0.075
FUS 0.5 1 0.75 0.75 1 0.807 0.063
0.178 0.180 0.193 0.201 0.248
S2 FU1 0.75 0.5 0.5 0.75 1 0.692 0.072
FU2 0.5 0.5 0.75 0.5 0.75 0.598 0.062
FU3 0.75 0.75 0.75 1 1 0.853 0.089
FU4 0.5 1 0.75 0.75 1 0.789 0.082
FUS 1 0.5 1 0.5 0.5 0.505 0.052
0.227 0.246 0.095 0.224 0.208
S3 FU1 0.75 1 0.75 1 1 0.912 0.095
FU2 0.75 1 0.75 0.75 0.75 0.805 0.084
FU3 1 1 0.75 1 0.75 0.917 0.096
FU4 1 1 0.75 1 1 0.973 0.102
FUS 0.75 1 1 0.5 0.75 0.755 0.079
0.222 0229 0.157 0.169 0.223
S4 FU1 1 1 0.5 0.75 1 0.854 0.077
FU2 0.75 0.75 0.5 0.5 0.75 0.657 0.059
FU3 1 1 0.75 0.75 1 0.910 0.082
FU4 1 1 0.5 0.75 1 0.854 0.077
FUS 0.75 1 0.75 0.5 0.75 0.748 0.067

Step 9: To obtain at final rankings, combine prioritised lists of FUS & NFUs provided by a number of

stakeholders.

The final prioritised lists of FUs and NFUs take into account the various points of view of the many
stakeholders. The Weighted Average (WA) technique will be used to incorporate the prioritised lists
of FUs and NFUs that have been provided by various stakeholders into the suggested methodology.
The Weighted Average (WA) technique [31] was used to aggregate prioritised lists of FUs and NFUs
that were provided by various stakeholders; Eq. (7) is used to determine the final weight for each FU.

UR; = X5_; NR;; «W,,i=1.n

(7)

Table 22 shows the example of calculating the prioritized list of FUs. The final weights and rank
are based on the stakeholders’ weights from the fuzzy operations in Step 2 of i-USPA.
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Table 22
Example of calculating the prioritized list of FUs
Stakeholders’ 1.0 0.9 0.7 0.8 Final Weights
weights (from & Rank
Fuzzy Operations)
FUs S1 S2 S3 S4 UR
FU1 0.079 0.072 0.095 0.077 0.272(3)
FU2 0.067 0.062 0.084 0.059 0.229(4)
FU3 0.075 0.089 0.096 0.082 0.288(1)
FU4 0.075 0.082 0.102 0.077 0.282(2)
FUS 0.063 0.052 0.079 0.067 0.219(5)

The single prioritized list of NFUs must be created using the same procedure. Eq. (8) has been
applied to determine a final weight for each NFU associated with the prioritizing issue:

uw; :Z?=1NVVU’ *VVS].,i =1..m

(8)

Table 23 shows an example of the calculation of the prioritized list of NFUs. The final weights and

rank are based on the weights of the stakeholders from the fuzzy operations in Step 2 of i-USPA.

Table 23

Example of calculating the prioritized list of NFUs

Stakeholders’ 1.0 0.9 0.7 0.8 Final Weights &
weights Rank

NFUId Name s1 S2 S3 S4 uw

NFU1 Availability 0.145 0.178 0.227 0.222 0.188 (4)

NFU2 Security 0.221 0.180 0.246 0.229 0.218 (2)

NFU3 Usability 0.198 0.193 0.095 0.157 0.167 (5)

NFU4 Performance 0.198 0.201 0.224 0.169 0.196 (3)

NFU5 Reliability 0.238 0.248 0.208 0.223 0.231 (1)

Based on the prioritized list of NFUs, the development team will refer to this NFUs prioritized list
and should give more attention to the NFU according to the rank given by all stakeholders involved
in the project in order to produce a high-quality software and satisfy the user’s needs.

Step 10: Estimate the user stories.

A story point method is employed in this study to estimate the user stories. The story points are
calculated based on hours. A PO together with the development team will decide on story point for
each of the FU (consider the NFU as well). Table 24 shows the example of user stories estimation
using story points for the first sprint which involve only five FUs.
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Table 24
Example of user stories estimation using story points
Stakeholders’ 1.0 0.9 0.7 0.8 Final Weights  Story
weights (from & Rank Point
Fuzzy Operations)
FUs s1 S2 S3 S4 UR
FU1 0.079 0.072 0.095 0.077 0.272(3) 8
FU2 0.067 0.062 0.084 0.059 0.229(4) 3
FU3 0.075 0.089 0.096 0.082 0.288(1) 3
FU4 0.075 0.082 0.102 0.077 0.282(2) 5
FU5 0.063 0.052 0.079 0.067 0.219(5) 5

4. Results and Discussion
4.1 Validate i-USPA through Expert Review

Five software practitioners or experts have reviewed the proposed approach. All have years of
relevant experience and a variety of educational degrees, and all are subject-matter experts. Two of
them are Scrum Masters, two are developers, and one is a PO. They have substantial experience in
software development, with at least two to five years. The agile approach they most frequently utilise
is Scrum, though one has also used DevOps.

The feasibility of merging functional and non-functional requirements in the Agile software
development process was demonstrated by the findings of this study. The participants reported that
integration has improved the overall quality of the software. Specifically, the integration of non-
functional requirements helped to identify potential performance issues early in the development
process, which reduced the likelihood of having to make costly changes later on. The participants
also reported that the integration of functional and non-functional requirements facilitated ensuring
that the software met both the functional requirements (e.g., the features that the software must
provide) and the non-functional requirements (e.g., the performance, reliability, and usability of the
software).

Besides that, the participants also agreed that by having stakeholder analysis during the
prioritisation process also benefits the Agile software development process, since it helps in
identifying the various stakeholders involved in the project and their respective demands,
expectations, and concerns. Stakeholder analysis helps identify all the stakeholders who will be
impacted by the software system. Stakeholder analysis helps to identify the needs and expectations
of each stakeholder. These needs and expectations are used to prioritise user stories and
requirements in the product backlog. Prioritising requirements based on stakeholder needs helps to
ensure that the most important features are delivered first. In addition, the stakeholder analysis
assists in balancing the needs of different stakeholders. This is important because different
stakeholders may have conflicting needs or expectations. For example, end-users may want a system
that is easy to use, while management may prioritise security and performance. By analysing
stakeholder needs and expectations, scrum teams can find ways to balance these needs and satisfy
all stakeholders.

During the study session, the suggested approach was initially explained to the software
practitioners. They were then given broad questions concerning the advised course of action and
asked to describe both its advantages and disadvantages. Their insightful feedback and
recommendations were then noted. Table 25 shows the responses from the participants.
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Table 25

The responses of the software experts or practitioners

Practitioner (P) Quote

P1 “It is a good initiative to focus on the prioritisation of both functional
and non-functional user stories”.

P2 “It will give a good impact on the practical side”.
“It can deliver successful software projects within the prescribed time
and budget”.

P3 “We need to know the non-functional requirements eventually; in some
contexts, we need to know them very early in the project”
“It could assist the project developer during their work too”

P4 “It is good that the stakeholders also can get involved in the

prioritisation of the requirements to make sure that the requirements
needed can be satisfied”.
“It will save the time and also the budget as well”.

P5 “It is good to involve stakeholders during the prioritisation process to
get their opinions”.
“Can increase the stakeholder’s satisfaction”.

Only people with doctorates in computer science (CS), software engineering (SE), information
technology (IT), or a closely related field who had worked on software projects utilising Agile methods
for at least two to five years were regarded as experts or software practitioners in this study. As
mentioned above, all five participants had experience with SE, notably with agile software
development and process optimisation.

Additionally, all practitioners work for reputable software companies. The responses from the
study’s participants indicate that the prioritisation process is significantly impacted by the
combination of both FUs and NFUs. Both sides benefit from the stakeholders’ participation in the
prioritisation process because it helps the developer better understand their needs while also saving
time and money.

4.2 Validate i-USPA using Experimental Approach

This section presents the results of the user story prioritisation approach by validating the i-USPA
using an experimental approach. There are three different approaches involved in the experiments:
i-USPA, AHP-based, and conventional approaches. The study involves 5 experts and 38 final year
students from the Faculty of Computer Science and Information Technology (FCSIT) at the Universiti
Malaysia Sarawak (UNIMAS). The dependent variables considered are ease of use, usefulness, and
level of agreement. The experiment compared the three approaches - i-USPA, AHP-based, and
conventional approach in terms of their ease of use, usefulness, and level of agreement. Each
participant was assigned a random approach to evaluate, ensuring a balanced comparison.

4.2.1 Ease of use
Both the experts and students reported that i-USPA was easier to use compared to the AHP-based
and conventional approaches. The user-friendliness of i-USPA contributed to its positive reception

among the participants, making it an appealing option for user stories prioritisation in the Scrum-
Agile environment.
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4.2.2 Usefulness

Participants found i-USPA was perceived as more useful compared to the AHP-based approach
and the conventional approach. The main reason for this preference was i-USPA’s provision of a
stakeholder analysis as part of its approach. This additional analysis provided valuable insights for
stakeholders, contributing to better decision-making during the user stories prioritisation process.

4.2.3 Level of agreement

The level of agreement was measured by comparing the prioritisation results of each approach
with a goal standard. The i-USPA approach demonstrated a higher percentage of accuracy in the level
of agreement compared to both the AHP-based approach and the conventional approach. This
indicates that the user stories requirements sequence generated by i-USPA was closer to the goal
standard, making it a more reliable, more consistent approach and producing accurate results,
enhancing the reliability of the prioritisation outcomes.

Overall, the i-USPA demonstrated superiority in ease of use, usefulness, and level of agreement
over the AHP-based and conventional approaches in the agile user stories prioritisation context. As
the conclusion, the findings of this study suggest that i-USPA is a favorable option for user stories
prioritisation in the agile environments. Its stakeholder analysis provision, and higher level of
agreement contribute to its effectiveness in helping teams make informed decisions about which
user stories to prioritise. As such, the positive feedback from both experts and final year students
highlights the advantages of i-USPA as an efficient and effective approach for prioritising user stories
in agile projects. The study’s limited sample size of five experts and 38 final year students from a
specific university (FCSIT, UNIMAS) may impact the generalizability of the findings. The study might
not have accounted for potential biases or individual preferences of the participants towards certain
approaches.

5. Conclusion and Future Work

This study is important because it benefits stakeholders and promotes knowledge in many
different fields. The agile Scrum development methodology, frequently employed in software
projects, is the primary subject of this study, which primarily focuses on how Scrum impacts the
timely and cost-effective completion of software projects. This study contributes to the body of
knowledge on SE by analysing the influence of the Agile Scrum technique on the prioritisation of
NFUs, a subject which has been neglected in the SE community and enables efficient delivery and
higher-quality software projects. In Agile software development, user stories and requirements are
prioritised based on their business value and stakeholder needs. Stakeholder analysis helps identify
the various stakeholders involved in the project and their demands and expectations. Nevertheless,
stakeholder analysis is not a one-time activity, but is rather an ongoing process with continuous
engagement with stakeholders throughout the project. Therefore, this study proposes that
stakeholder analysis be included during the prioritisation process to fulfil their needs so that they will
be satisfied with the final product. In conclusion, stakeholder analysis is an essential activity in user
story or requirements prioritisation in agile software development. By understanding stakeholder
needs and expectations, scrum teams can prioritise user stories or requirements based on business
value and ensure that the most important features are delivered first. Additionally, stakeholder
analysis helps both to build stakeholder trust and ensure continuous stakeholder engagement
throughout the project.
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For future study it should involve a larger and more diverse participant pool to validate the
findings across different organizational settings and contexts. It is advisable to conduct similar
experiments with professionals from various industries and levels of experience in agile
methodologies to obtain a more comprehensive evaluation of the approaches. Other than that,
further investigations into the factors affecting user stories prioritisation and their interactions with
the chosen approaches could provide deeper insights into the decision-making process.
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