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Abstract: Requirements are the crucial part of software development. In the customers’ viewpoint all the
requirements are critically important to implement. However, it is impossible to implement all the requirements at
once. Therefore, selection of correct candidate requirement to implement is necessary. Prioritization is the finest
way to determine the correct candidate requirement, especially in scrum agile methodology. In scrum, there are
different factors such as business value, importance, risk, time, cost and dependencies, which consider for
prioritizing the product backlog items in a product backlog. However, prioritization with these factors has no
mean until the requirements are immature. This research paper has been aimed to present the impact of maturity
of product backlog item on prioritization through a PBIMM (Product Backlog Item Maturity Model). A product
backlog of real project has been considered to visualize the concept of product backlog item maturity. A survey
has been done to analyze the impact of bug, reusable component, refinement on maturity and prioritization of
product backlog items. The survey has resulted that the maturity directly impacts the prioritization of product
backlog item.
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carefully.

There are many factors which consider for
prioritization such as business value, cost, dependencies,
resources, and security. However, until the product
backlog item is not mature enough to develop,
prioritization has no mean.

1. Introduction

Software systems have become the backbone of almost
all business operations. Advancement in technology and
business needs force customer to evolve their project
requirements day by day. Evolving requirements is a big

challenge in software development. Agile methodology
is the best solution to work with such evolving
requirements. Scrum is one of the efficient agile
methodologies to provide flexibility in development.
Scrum follows incremental and iterative approach to
provide delivery of valuable product features in several
releases. Product backlog items which have to
implement are prioritized. Prioritization is difficult and
ongoing task in scrum because of evolving requirements.
Ignorance of any crucial product backlog item can make
the customer unsatisfied. Therefore prioritization
process is the core activity in scrum and should be done

For example Person A wants to reach at address
“House number. 4123, X city, Y country”. Let us
suppose this is the requirement of person A. It seems
very simple but actually it is not easy to reach at this
destination. This is immature address because it doesn’t
contain complete information regarding destination. If
the information is complete, like “House number, 4123,
ABC street, near bus-stand, X city, Y country”, then it
becomes easy for “Person A” to select the route for
destination.  Similarly, during sprint execution
development team apply efforts to complete a shippable
small release. Selection of requirements to be
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implemented in sprint is very crucial task. If the
requirements are mature and small enough to complete
in one sprint then it becomes easy to develop the
shippable small release. Requirements will mature if it
will complete in itself. Now it has been sure that the
highly mature items should have high priority as
compared to requirements having less maturity.

According to one of the agile principle, requirement
should follow the INVEST (Independent, Negotiable,
Valuable, Estimable, Testable) criteria to be include into
sprint. Product backlog item should be small enough to
be able to implement in one sprint. This INVEST
criteria can be achieve by refinement of product backlog
item during sprint planning meeting (formal) and
refinement meeting (informal).

This research paper has been intended towards the
maturity of product backlog item. Therefore, the
purpose of this research paper is:-

e To include the factor “Maturity of product
backlog item” for prioritization.

e To evaluate the impact of bug, refinement and
reusable component on maturity of product
backlog item.

The paper has been structure into 6 sections. Section
2 is dedicated to explain the basic terminologies used in
this research paper. Related work and proposed work
has been discussed in section 3 and 4 respectively.
Section 5 is given to discuss the results. Conclusion and
future work has been given in section6.

2. Basic Concepts

In this section, the basic terminologies have been
discussed which are using widely in this research paper.

2.1 Product Backlog and product backlog item

Product backlog is one of the crucial artifacts in scrum.
It is the collection of prioritized product backlog items.
Product backlog are the requirements which can be new
feature, bug, enhancement and technical work.
Microsoft excel is the simple tool for management of
product backlog. However, there are so many online and
special tools are also available for management of
product backlog.

Product backlog items are the constituent of product
backlog. User-story is the excellent way to write the
product backlog item. For example: -

As a user, | want a login screen on front of application
so that I can securely use my account.

2.2 Prioritization
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Prioritization is the process of determining the inclusion
of candidate requirement in the certain release [21].
Value-based prioritization is the core principle of scrum.

There are different prioritization techniques which
consider different factors for prioritization. Scrum uses
Value-Based prioritization technique to arrange the
product backlog items. Product backlog items which are
highly valuable and important for customer are kept at
the top of product backlog item. Along with business
value of product backlog item other factors such as
dependencies, risk, cost, availability of resources are
also taken into account during prioritizing.

3. Related Work

Most important research papers have been summarized
in this section to get an overview about research state of
the requirement engineering and prioritization in scrum.

Requirements illustrate the software product. The
evolving business needs and technology has triggered
the user requirements to change almost every day.
Traditional methodology is unable to cope up with
changing requirement. However, scrum is one of the
agile methodologies that emerged as flexible approach
which can easily cope up with changing requirement.
Requirement engineering with changing requirements is
a difficult task. [15]

Selection of group of important requirement to be
implemented in iterations is achieved by continuous
requirement prioritization. R.H.AL Ta’ani et al. has
proposed a conceptual framework that outlines the
factors and activities involved in the requirement
prioritization process. [7]

Work allotment and issues raised in self-organizing
team  management has been addressed by
M.V.Mohamed during the implementation of scrum in
an online project. Increase in the number of sprints with
new requirements is one of the crucial issues that have
been identified. [2]

J.Savolainen et al. has discussed learning in two agile
transition processes. Based on experience they
concluded that agile processes can be used in embedded
software development. Varying size of user
requirements, the role of system requirements and
architecturally significant requirements are included as
challenges. [20]

A.Batool et al. has proposed a conceptual framework.
The emphasis of conceptual framework is to make the
requirement process more effective. This framework
also minimizes the complexities and barriers faced
during the traditional requirement engineering process.
[14]

N.Chugh and A.D.Mishra provides a solution to
requirements related issues in agile environment and
proposes an approach which integrates four layered
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approach to NFR with Agile Requirement Engineering
that is helpful to improve requirement analysis process
which would help in the prioritization of user stories. It
also describes in detail the factors that could be
considered for prioritization of user stories. [10]

A.lgbal et al. has analyzed AHP (Analytical
Hierarchical Process), SERUM (Software Engineering
Risk: Understanding and Management), EVOLVE and
VOP methods that are wused for requirement
prioritization with the different factors such as cost,
value, risk, benefit, dependency constraint etc. They
concluded that there is no single technique that
addresses all these factors. The proposed approach
addresses all the factors for prioritization. After
dependency constraint check the requirements reach at
second step where they prioritized by using VOP. The
output of this step is a set of requirements that should be
implemented in current release. However, there are other
factors too that should also considered. Implementation
effort, resource constraint and benefit factor addresses
by the step three, four and five. [25]

R.popli et al. has proposed importance and effort
related factors. Prioritization of user-stories is highly
dependent on the value of these factors. The relation of
importance and effort has been calculated to decide the
priority of user-story. They suggested to find some other
factors which can impact the prioritization. [1]

4. Proposed Work

Product backlog management is wvery crucial and
challenging. Product backlog items should be mature to
be included into sprint backlog. A product backlog item
will said to be fully matured if it satisfies the INVEST
criteria. INVEST is acronym for I-Independent, N-
Negotiable, V-Valuable, E-Estimable, S-small, T-
Testable [8].

4.1 Product Backlog Item Maturity Model (PBIMM)

Product backlog item maturity model has been proposed
to enhance the prioritization technique by adding a
context factor called maturity of product backlog items.
Product Backlog Item Maturity Model (PBIMM) also
describes the growth of product backlog item in product
backlog. As the product backlog item discuss among
scrum team its growth goes on increase and its size
becomes decrease so that it can be developed in days
rather than months. It has been shown in Figure 1.
1) Level 1: Initialization
At this level the product owner collect the users’
requests as product backlog items. User-story technique
is used to write product backlog item.

Product backlog items are very big called epic. Epics
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require months to develop therefore cannot be included
in sprint backlog.

No scrum event involve at this level. Only informal
meeting takes place in product owner and customer.

User-stories are vague at this level.

2) Level2: Refined

Team members and product owner discuss the product
backlog item. Discussion is related to effort and time
required to develop the user-story. Refinement will
repeat until development team agreement. User can add
new stories at this level. In scrum vertical technique is
used to split the user-stories.

At this level, the roles involved are product owner,
team member, scrum master and customer.

3) Defined and Managed

At this level the product backlog items are complete and
independent. These product backlog items are small and
independent enough and ready to be discuss for the tasks
require implementing.

At this level sprint planning meeting will held to
manage the defined product backlog item. Product
backlog item with high priority is selected and
discussion are held to identify the tasks require to
implement that product backlog items.

Level 3:
Defined & Managed

Dependency management
Tasks identification
Sprint planning meeting

A

Level 2:
Repeatable

Size and effort management
Epic split process P
Requirement change management «
Refinement Meeting

Level 1:
Initialization

Requirement elicitation process
Define requirement with user-story
technique

No event

Figure 1: Product Backlog Item Maturity Model

4.2 Factors for Maturity

Three factors have been identified that can impact the
maturity of product backlog item. These three factors
are: -
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1) Refinement

Refinement is the process of reviewing and revising
product backlog item to ensure greater clarity and
understandability in it. During refinement process team
discus the product backlog item to update product
backlog item description and acceptance criteria etc.
Product backlog item should be refined enough to get
include into upcoming sprint.

Priority of product backlog item will be high if it is
refined enough.

Effect of Refinement on Maturity
M R 1
0 1)

Where:
R : Refinement

2) Bug

Bug include in product backlog item if it arise later in
project. The prioritization of bug is also necessary as
user-stories. The priority of bug would high if it is
associated with high risk of its severity and hence can
damage other functionality.

Effect of Bug on Maturity
M «B 2
. )

Where:
B : Bug.

3) Reusable Component

Reusable component helps to reduce effort, development
cost and save time. It will be more beneficial if
reusability concept is used for selecting requirements for
implementation in scrum. Reusable component can be
code, templates, functions, framework, procedures, and
objects.

Effect of Reusable Component on Maturity

Maturity of product backlog item will increase if the
reuse component exists in repository.

Mp ocRC (3)

Where:
RC: Reusable Component.

4.3 Effect of maturity on Prioritization

Priority of product backlog item is directly proportional
to maturity of product backlog item.

Piority o« M 4
LMy (4)
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4.4 Proposed Algorithm for Priority

Input: Let us suppose that P is product backlog item, |
is importance, T is type of product backlog item, M is
the Maturity of P, Rcomp is Reusable component which

can have two values 1(exists) and 0O (not exists), Ein is

effort to integrate the reusable component, Eeff is effort
to find component, RI is level of refinement, Eefreffort
of refinement, Eefﬁx is estimated effort to fix the bug,

E i is estimated effort to find the bug.

Output: Pri
Algorithm:

Step 1: set P« F>i Vi=l,2,3.......... n
Step2: set I« |i
Step3:set T « Tj j=New Feature, Bug

Step4: if (T==New Feature) then

{
if ( Rcompzzl) then
{
M=E [/ E VE=1,23........... 24
in  eff
}
else{
M=R / E 1=1,2,3.
| efr
}
}
else{
M= _[E _
effix  efi
}
Step5: PriiZI/M
Step6: End

5. Evaluation and Results

To evaluate the PBIMM, we have been considered a
real project, that is, SRIS (Student Result Information
System). To create a product backlog of SRIS, MS
Excel has been used. In the table 1, only three columns
of product backlog have been considered.
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Table 1: Product Backlog of SRIS
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ID Type Product Backlog Item 5.1 Survey Results summery
Al Feature | As a user, securely use the system with
login and logout functionality. An email survey through questionnaire has been done to
C1 Feature | As a user, | want to access student's section 4.2. The summery of survey has been shown in
academic result information. figure 3 and figure 4. Number of respondents are plotted
D1 Feature | As a user, | want to add/update/delete on Y-axis while Factors are plotted on X-axis of bar
batch.. chart.
D2 Feature | As a developer, | want to create a
database for batch.
A2 Feature | Asa user, | want to be able to reset my 8
password. 7
B2 Feature | As a developer, | want to create a 6
registration functionality i
B2.1 | Feature | As a developer, | want to create a 3
register database 2
B3 Feature | As a developer, | want to create a view 1
student details functionality. 0
B4 Feature | As a user, | want to be able to update Bug Reusable  Refinement
student details.
c2 Feature | As a user, | want to record the result of O Directly propotional B Inversaly propotional
all students of a semester. O Depend on user-story
C2.1 | Feature | As a developer, | want to create
database where result can record. Figure 3: Impact of factors on maturity of product backlog
El Bug As a user, | want to sometimes | get a item
error "values cannot be inserted" when
E1.2 | Bug As a Tester, | analyze that when any Table 1: Summery of survey w.r.t. our assumptions
cell remain selected it gives error
Factors Our _ Number of
Assumption Respondent Agreed
3 Reusable M, & Re 8(100%)
Component
2 Refinement M, xR 5(62.5%)
Bug M, B 7(87.5%)
1
0
A B c D E 6
5
||:|5p|it1.o B split1.1 Osplit1.2 Osplitl.5 4
Figure 2(a): Maturity of product backlog of SRIS 3
2
1
0
Bug Resuable Refinement
Component

B(Split1.1)

Osplit2.0
@split2.1

O strogly Agree B Agree [ Disagree [ Strongly Disagree

C(Split1.1)  E(Split1.0)

Figure 2(b): Maturity of Product backlog of SRIS

In figure 2(a) and 2(b), Levels of Maturity are plotted
on X-axis while requirements are plotted on Y-axis.

Figure 4: Impact of factors on priority of product
backlog item

WwWWw.ijatca.com 60



Charanpreet Kaur et al., International Journal of Advanced Trends in Computer Applications (IJATCA)

Table 2: Summery of survey w.r.t. our assumptions

. Number of
Factors Our Assumption Respondent Agreed
Refinement P o Re 6(75%)
Reusable PR 7(87.5%)
component
Bug P o E 7(87.5%)

5.2 Results with algorithm

In Figure 5 results of proposed algorithm has been
shown. In this graph Y-axis represent the product
backlog items shown in Table 1 and X-axis represents
priority of product backlog items.

o —— —
0 1 2 3 45 6 7 8 9 10 11 12 13

|I:Ilmportance B Maturity O Priority |

Figure 5: Priority of Product Backlog Items of SRIS

6. Conclusion and future work

In this paper, the impact of maturity factor on
prioritization is proposed. From the survey summery, it
has been concluded that the prioritization of user-story
is directly impact by its maturity level. Therefore, an
algorithm has proposed with the consideration of
maturity of three factors such as bug, refinement and
reusable component. By the importance to maturity ratio
it has concluded that priority of product backlog items
increases if the importance of product backlog item is
high and its maturity is less. So that, more information
can collect as early as possible.
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This is approach is applicable for small level projects.
In future work, other factors which impact the
prioritization can also be considered.
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