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Ab-senct

Abstract

Scrum has been recognized as one of the most effective methods in delivering functional
requirements of the system. At the same time, the researchers criticize it on neglect of
non-functional requirements (NFRs). Mainly the negligence of NFRs is reported in
requirement engineering (RE) phases of the software development lifecycle. it is stated
as one of the major challenges that agile teams suffer in agile RE practices. However,
Literature lacks the details on how NFRs are managed in the industry and thus fails to
highlight the challenges scrum teams face while dealing with them. literature also
reports number of conseguences of the said issue for example major change reguest
at the end of the project, over budgeted projects, late projects and sometimes major
Jailures are reported due to missing some critical NFRs. In order to find out the
challenges scrum industry is facing a survey study has been conducted with in
Pakistan, Product owners of different scrum organizations were interviewed for in-
depth analysis of the floating issue. Based on the survey results solution to the identified
problems was designed in the form of guidelines. Proposed solution provides set
checklist with supporting guidelines for all scrum ceremonies. Proposed guidelines
managed to overcome all the major issues by eliminating the root causes of the issues.
After solution design a focus group meeting of agile experts from the industry was
conducted for validation purpose. With minor changes experts accepts and approved
the guidelines. According to them proposed guidelines are easy to follow and implement

and will provide long term benefits to the software industry.

Keywords — Non-functional requirements, Agile, Scrum, software development
lifecycle
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Chapter ! introduction

1. INTRODUCTION

This chapter provides a brief introduction to the conducted research. It provides an
overview of the research backpround, main terminclogies and the problem
statement; it also highlights research objective, motivation and a brief overview of

the research methodology.

1.1. Background

The research background describes the basic terminologies and models of the

research, It also describes the workflow of reaching to the problem statement.

1.1.1.  Agile Methodologies

In last few decades, agile software development methodology has become one of
the most popular development method due to its fast and satisfactory delivery of
the product. Agile Software Development (ASD) means gathering of software
development methodologies supported on iterative development, where
requirements and solutions develop through cooperation between self-managing
cross-working groups [1]. For numerous incremental software development
procedures agile development is an expert terminology. Among agile methodology,
the most popular ones are Extreme Programing (XP), Scrum, Crystal, Dynamic
System Development Method (DSDM), Lean Development and Feature-Driven
Development (FDD). Although there is a Uniqueness in specific slant of every agile
development methedology, however the vision and principles are the same, Each
agile methodology incorporate constant response in a form of feedback and
reiteration for an interrupted deliverance and refinement of a software system.
Agile methodologies include constant preparation, customer collaboration,
responding to change and every form of progression for the project and the software
[2). In comparison to the customary waterfall-style process agile development

methodolopies are lightweight and innately adaptable. The most important
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character of agile method is its emphasis on authorizing people to work together

efficiently and speedily. [3]

1.1.2, Scrum

Amongst agile development methodology Scrum is one of the leading method that
is used by almost 500 companies around the world. Scrum methodology and agile
principles caters more than just software development as the scrum coalition

transforms the ways of handling complex projects.

Scrum guide [4} defines scrum as a lightweight, simple to comprehend and difficult
to master framework by which people get to know and address challenging adaptive
problems as a result create and deliver products of highest possible values. Since
1990s it has been used as a framework to cope up with complex product
development. It is not necessarily a procedure for making products however, it is a

framework for employment of several processes and techniques.

Scrum enhances the product management and development practices thus provides
an arrangement for improvement.[4] The framework comprises of Scrum team with
their specialized roles, proceedings, instructions and artifacts. Every element has an
allocated purpose, which makes all the components equally essential for the usage
and success of scrum framework. The events, roles and artifacts of scrum
framework are bind together by the set of rules that governs the association and

interaction among them [4].
1.1.3. Non-functional Requirements
Non-functional Requirements (NFRs) are the features not related to the

functionality of the system. It is defined as the non-behavioral features of a system

which captures the properties and limitations for the improved system's operation.

IEEE defines NFRs as “a software requirement that describes not what the software

will do, but how the software will do it, for example, software performance
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requirements, software external interface requirements, design constraints, and

software quality attributes” [7]

NFRs are requisite in requirement engineering and systematic engineering since it
specifies the criteria for judging the operation of a system instead of specific
comportment [6]. This makes non-functional requirement contrasted with
functional requirements as functional requirements only defines the specific
behavior of an overall system . In short the difference between non-functional
requirements and Functional requirements is, functional requirements describes
what a system should do and non-functional requirements describes about how a
system should be. Functional requirements usually caters an individual action of a
system more so a mathematical function whereas non-functional requirements
caters an inclusive property of a system as a whole or it can be overall property of
a specific aspect of a system rather than a specific function. This makes non-
functional requirement important as the overall properties of a system decides the

success and failure of the project [6].

NFRs in software not only explains that what should software do but it also explain
that how the software will do the designated goals. For instance the performance
requirements, the constraints for software designing, the external interface
requirements for the software and the quality attributes of the software. The
functional and non-functional approaches are equally important while software
development and should be handled carefully. NFRs can also be defined as extra-
functional requirements like accessibility, adaptability, capability, testability,
portability etc. [7]. NFRs not only represents these qualities but also signifies the
constraints for system operation. Therefore, the software system will have a greater
chance of success if NFRs operated carefully in the beginning of software

development,
1.1.4. NFRs in Scrum
For functional requirements, agile software development methodologies are very

successful however, the researchers’ struggles with non-functional requirement as

agile methodology do not provide clear support for NFRs management [5]. Now
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days the adoption of scrum and extreme programing (XP) of agile methodology is
rising and there are fair chances that its usage will expands in next decade. Scrum
provides an incremental delivery of difficult software solution in shorter timeframe.
It also provides an improved quality and favors collaboration of the customer while
ignoring documentation and tough process such as waterfall model. In agile
organization, the lack of identification and modeling of non-functional
requirements and its linkage with functional requirements are few of the main

problems. [26]

Researchers in [8] agreed that the non-functional requirements were ill defined
traditionally. During early requirement exploration phases of agile software

development the NFRs were not effectively recognized, linked and modeled.

To improve the productivity of development team and speedy TTM (time to market)
in software functional requirement delivery, agile software development software
are used. According to the researchers in [34] the agile methodology is suffering
due to not supporting NFRs as one of the primary artifact in planning and
requirement analysis stages since traditionally NFRs were treated as an afterthought
process. This inadequacy pertaining to NFRs is emphasized specifically while the

project schedule is being planned and visualized, [27]

NFRs are often neglected due to the enormous pressure of software deploying in
short time. The main focus of the software developers and the customers are on the
functional approach thus neglecting the NFRs in software development process [9].
Even though NFRs plays vital role in the success and failure of the system. They
not only introduce quality characteristics but also presents the limitations for
operating a system usefully. NFRs are not handled carefully, thus the informal and

confused handling cause major problems. [7]

1.2. GAP Analysis

The literature highlights the issue of neglect of non-functional requirements in
scrum; still it lacks the in-depth analysis of the issue. As literature does not provide

any knowledge regarding how non-functional requirements are currently being
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handled in the industry it is very difficult to analyze and identify the real issues and

causes that scrum teams come across while dealing with NFRs. .

1.3. Aim and Objective

The aim of this research is to provide a set of guidelines or framework that will
guide through the process of handling NFR in scrum. Also, to minimize the
issues scrum teams come across in dealing with NFRs in RE phases, so that the
project can be built under all possible quality constraints and eliminates the risk
of failure. Research objective is to conduct a survey in order to identify the
current techniques that are being used by scrum teams also to recognize the
issues they coﬁfer while handling NFR. Secondly to analyze the collected data
and to provide solutions in the form of set of guidelines or framework that will
help dealing with the identified issues. Thirdly, to conduct a case study in a local

scrum organization in order to validate the given solution.

1.4. Motivation

Due to lack of the knowledge regarding how scrum’s teams manage NFRs in
practice, it has become difficult to identify the challenges behind this issue.
Mishandling and neglect of NFRs in requirement phases are the majorly
mentioned issues in literature that leads to number of high priority problems like
project failure, over budgeted and over time projects, Lots of change requests
at the end of the project ( some of which cannot be met at that time). Thus, it is
essential to identify the real issues and problems that cause the negligence in

practice. In order to provide useful techniques or methods to manage NFRs .

1.5. Research Question
RQ1: How scrum teams manage NFRs in practice?

RQ2: What are the issues they come across while dealing with NFRs during

phases of requirement engineering?

Managing Nan-functional Requirermnents in Scrum 8
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1.7. Thesis Qutline

Thesis comprised of the chapters shown in table 1.1. description of the chapters is
given below.

Chapter Description

Chapter 2 Literature review

Chapter 3 Research Methodology
Chapter 4 Analysis and Results
Chapter 5 Proposed Solution

Chapter 6 Validation and Improvement
Chapter 7 Summary and Conclusion

Table 1.1 thesis outline

» Chapter#2: this chapter comprises of the related work in literature about
management of non-functional requirements in scrum environment. Tt
highlights the issues mentioned in literature that helps in creating the research
questions for the thesis.

» Chapter#3: details of the research methodology used in conducting this research
is described in this chapter. All the methods used starting form literature review,
data collection and analysis up to solution validation are explained in this
chapter.

» Chapter#4: This chapter comprises steps of data analysis. How data analysis is
performed in order to get relevant results referring to research questions is
described.

» Chapter#5: this chapter explains the solution design. It comprises of the
guidelines and checklist proposed to overcome the issues also, it briefly

compiles the comparison of proposed solution with other possible approaches

Managing Nan-functignal Requirements in Scrum i0
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» Chapter#6: explains the validation process carried out in the form of focus group
meeting. It comprises of the FC Findings and improvements made in the

solution according to the experts opinions

» Chapter#7: this chapter presents the summary of the whole thesis and

concluding remarks.

Managing Non-functional Reguirements in Scrum 11
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Chapter 2 Literature Review

2. Literature Review

This chapter gives an overview of the literature studied for conducting the research;

it highlights the identified issues that combines to create the research problem,

Agile Scrum has been recognized as one of the most effective methods in delivering
functional requirements for the system. At the same time, it is criticized by the

researchers on neglect of non-functional requirements

2.1. NFRs in agile

Agile software engineering has been a popular methodology to develop software
rapidly and efficiently. However, this methodology often considers Functional
Requirements (FRs) due to the nature of agile software development and strongly
neglects Non-Functional Requirements (NFRs). Neglecting NFRs has negative
impacts on software products that have resulted in poor quality and higher cost to

fix problems in later stages of software development. [11]

According to Weam et al. [12] Scrum and Extreme programming as the agile
software are developing and gaining rapid popularity and are predicted to be more
successful in next few years. The software engineers due to their heavy schedules
are failed to give the best software, therefore they are adopting the method of short-
cuts to eliminate the market's challenges. As a result of this ad hoc short cuts the
quality is compromised. Precisely the non-functional requirements were neglected
and not modeled properly. During early requirement phase the operationalization
of non-functional requirements with functional requirement were was unidentified
and ignored. Many researchers claimed that during software development phase’s
nonfunctional requirement was ignored and treated as the additional process. Scrum
has faced difficulties as it wasn't accepted at first but at later stages it was proved

to be an engineering excellence

According to Maiti et al [8]. Apgile software model is a method to deliver and
develop software products quickly and effectively. Agile methodology tends to

favor Functional Requirements (FRs) while disregarding Nen-Functional
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Requirements (NFRs). Disregarding NFRs can have adverse effects on software

that can result in lower quality and increased rate to repair software in later stages

M. Farid et al [26] also mentioned the same in their research, they claimed that for
functional requirements agile software development methodologies are very
successful however the researchers’ struggles with non-functional requirement as
agile methodology do not provide clear support for NFRs as a prominent choice in
early software engineering phases. Now a days the adoption of scrum and extreme
programing (XP) of agile methodology is rising and there are fair chances that its
usage will expands in next decade. Scrum provides an incremental delivery of
difficult software solution in shorter timeframe. It also provides an improved quality
and favors collaboration of the customer while ignoring documentation and tough
process such as waterfall model. In agile organization the lack of identification and
modeling of non-functional requirements and its linkage with functional
requirements are few of the main problems. For accomplishing the two main

objectives that are inspection and adaptation scrum ed engineering fineness.

Taehoon et al. [15] expresses their views on NFRs management in scrum. They said
that main purpose of the agile approach is the maximum production in lesser time
which is done by minimizing the document and declining of the unnecessary
practices. For achieving the usual focus is on the functionality of the software hence
the non-functionality is neglected. The already existing agile approach is only
satisfying the functional requirement and the change in improving the process
requires a huge cost. Currently most of researches on quality enhancement focused
on code quality and on reformation of the agile process. These researches lack the

non-functional approach which is a huge draw back.

Frauke et al. [19] emphasizes on the need of management of NFRs in agile
environment, They say Agile methods needs to include the handling of non-
functional requirement as generally the approach does not handle the NFRs at all.
According to their research the users ignores the resources, maintainability,
portability, performance and safety. Most of the NFRs have to be handled carefully
while the development is in progress as they affects the database choice, programing

language and operating system.

Managing Non-functianal Requirements in Scrum 13
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Niel et al.[16] mentions Cao and Ramesh suggested that a high-quality interaction
with stakeholder is needed in order to develop a software that satisfied all the
requirements. They investigated that over sighting the non-functional requirements,
requirement validation and scalable prototype are the main problems of agile

project.

Researchers in [25] Waem et al. agreed that the non-functional requirements were
ill-defined traditionally. During early requirement exploration phases of agile
software development the NFRs were not effectively recognized, linked and

modeled.

Some of the issues and causes of negligence of NFRs are also reported in literature

that are explained below:

2.2. NFRs in early phases of SDLC

According to Elke et al. [22] The elicitation of Quality requirements at the earlier
stage of the software development process is crucial as it affects an overall success
of the project moreover they cannot be added at later stages. This will avoid the
wrong architectural decision which will eventually discard the idea of investment
loss. These quality requirement should be invented and addressed explicitly using

templates as they are not available in user's minds.

According to Sachdeva et al {10] Non-Functional Requirements (NFRs) have been
either mostly ignored or introduced late in the software development cycle,
oftentimes leading to project failures. With the recent, increasing shifts towards
cloud and emphasis tn big data in the software industry, NFRs, such as security and

performance, have become more critical than ever before

To improve the productivity of development team and speedy TTM in software
functional requirement delivery, agile software development software are used.
According to the researchers [27] the agile methodology is suffering due to not
supporting NFRs as one of the primary product in planning and requirement

analysis stages since traditionally NFRs were treated as an afterthought process.

Managing Non-functional Requirements in Scrum 14
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This inadequacy pertaining to NFRs is emphasized specifically while the project

schedule is being planned and visualized.

Elke et al [22] mentions that renowned researcher Cao and Ramesh after performing
an experimental research on the agile engineering requirement suggested that
knowing about the customer's requirement and to gain a uniform customer’s
approach are the few main challenges in agile development process. They also
highlighted that the negligence of non-functional requirement is another big issue
as ignoring NFRs at initjal levels of the software development causes lot of

challenges at later stages.

2.3, Role of Stakeholders

a) Focus of stakeholders

Pratima et al, {7] describes the issue of negligence of NFRs due to the pressure of
software deploying in short time period. The main focus of the software developers
and the customers are on the functional approach thus neglecting the NFRs in
software development; even though NFRs plays vital role in the success and failure
of the system. NFRs not only introduce quality characteristics but it also presents
the limitations for operating a system usefully. The NFRs are not handled carefully

thus the informal and confused handling of NFRs caused major problems.

Tachoon et al [15] also mentions that the main focus of the participant in agile process
is on functionality of the system as it maximizes the efficiency at production level,
nonetheless the security, accuracy and performance are few of the important aspects for
the non-functional requirements because in later stages these can cause cost problems
and waste efforts. Therefore an innovative approach is needed to deal with the non-
functional aspects in agile process. In this regard a quality lightweight evaluation
methods is proposed in order to enhance as well as improve the non-functional features
in agile approach. This evaluation technique will allow the participants to improve the

process qualitatively during each release.
b} Customers
Armin et al. [14] says that Non-functional aspects with customers is of vital

importance. There are various problems caused by the non-functional aspects at
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the design level, whereas the problem became bigger at the implementation level
in the case of agile methods. Clients rarely refers to the specifications as transaction

time, confidentiality and ease in usage.

According to Alberto et al. [18], the problem lies in identification of non-functional
requirements such as scalability and security because the customers often neglect
them. This will eventually affects the final version. The team should guide the
customer in order to avoid this hidden problem. Since agile methodologies lacks
such specific techniques therefore it may be at high risk due to this non-functional

approach

Borge et al. [20] also found customers as one of the reasons behind the said issue.
They said that the customers are mostly unable to define NFRs regardiess of
whether they are using the Agile method hence the Agile RE is a weak approach.
Most of the amendments based on customer's feedback in Agile are GUI related
which makes the customers unaware of the NFRs approach Ramesh et al.

explained it as the major risk which should be handled carefully.

Frauke et al [17] states in their research that normally the non —functional
requirements in agile process are not well defined, moreover customers are
oblivious about the resources, portability, maintenance, safety or performance
when they talk about what they need. The non-functional requirement affects the
choice of database, programing language and operating system therefore the agile

methods should be clearer in handling non-functional requirements.

According to Kvitha et al. [23] the problem lies in developing user friendly software
is because in general the users or customers hardly have the idea about their
functional requirement and completely ignores the non-functional requirements

from the very beginning.

2.4. Techniques for managing NFRs

Irum et al [13] mentions that In Agile RE the negligence of NFRs is an important
challenge because it only explains the system features. Another crucial challenge
while agile development is Jack of technique for operating NFRs. The results
includes security factors and over costing which eventually effects the whole

performance.
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Alberto et al. [18] mention in his research that agile methodology lacks the specific
technique for managing the non-functional requirements. An indirect approach is

followed during the collection activity.

2.5. Testing of Non-functional requirements

For every software development methodology requirement verification is of utmost
important, Most of the time the focus is on the functional requirement thus ignoring
the non-functional ones for example performance, availability and usability[28].
These attributes needs to be tested before the actual implementation. According to
most of the studies the main problems in the design are caused due to bad
configuration. As the system development continues the cost of improvement or
amendment increases. There is a need for a change in overall IT business which
requires adaptation to the new techniques. The increase in business values of
software development and decrease in cost will inspire the software developers for
the adoption of different routes in project management. In software development
technique the word Agile became a keyword. These are established on the
continuous ¢volution of requirements, design and program development thus

involves automatic testing of the current release. [28]

Niel maden et al. [16] investigated that over sighting the non-functionality,
requirement validation and scalable prototype are the main problems of agile

project.

A brief summary of the highlighted issues and factors mentioned in the following

table 2.1

Sr.

no. literature

Summary of issues/factors menuvned m | Reference

Focus of stakeholders on functional | {13] [15][7]1{19][16]

requirements of the system

Lack of techniques for managing Non- | [13][18]

functional requirements

Clients fails to specify /mention all NFRs [14][18]
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4. NEFR elicitation from clients is difficult [14]
5. Customers are unaware of NFRs [17][20][23]
6. Lack of NFR testing [28][16]

7. Configuration Problems difficult to manage at | [28][15]
the end

8. Lack of NFR elicitation /iaemification in the | [14][15][22]

beginning
9. | Lack of NFR planning [2)112]
10. | Lack of NFR analysis 1</][12)
Tuble 2.1 summary of literature
2.6. Literature Review Analysis.

Above-mentioned literature shows many articles that highlights the issue of
negligence of non-functional requirements in scrum environment. Table 2.2 below
shows the frequency of occurrence of issue causes consequences and solutions

mentioned in literature.

However, some limitations can be observed. Studies shows that they do not cover
all requirement phases or a complete software development lifecycle. In other
words most of the studies are limited to one or two phases hence lack the issues
NFRs have in other phases. Also, literature lacks the detailed analysis of the
consequences and causes of the highlighted issues that makes it difficult to analyze

the rea problem.

Secondly, it is also observed that the issues and causes mentioned lacks industrial

survey that is most of them do not mention the real issues industry is facing for
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managing NFRs and the real causes behind the issues. Especially in the context of

Pakistan where scrum industry is rapidly growing and gaining lots of importance,

we see lack of studies (research) regarding this issue.

Most importantly, no study is found that gives a complete set of solution for

overcoming the issues in all scrum phases or covers all RE phases in complete

SCrum process.

Hence through this study, we tried to present a solution to overcome the issue in

management of NFRs so that we can be saved from after effects.

Paper ID waues of NFR Causes of Consequences Proposed Solution
negligence negligence of issues
Addressed Addressed Addressed

[13] v v

[14] v v

(15] v v v

[16] v v

[17] v v

[18) v

[19) v~

[20] v v

[21] v v {genera

lized)

[22] v

[23] v

[24)

(25) v v (single issue
-A-l--——‘.\d}

126] v Y (single issue
addressed)

127] v v {single issue
pAdrassed)

[28) v

Table 2.2 : literature review analysis
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3.1 Literature Survey

Review of literature was the first step carried out in conducting this study.
Different digital libraries were explored in order to identify the literature on
management of NFRs in scrum environment. These libraries includes IEEE

Xplore, ResearchGate, SpringerLink, ACM digital library .
3.2. Problem Identification

Survey of literature leads us to the problem of lack of non-functional
requirements handling in agile ( scrum ) enviomment with in RE phases. Which

is discussed in detail in chapter 2.
3.3 Data Collection

Semi structured interviews [29] is one of the most popular techniques for
qualitative data collection. This technique has various advantages as it ensures
deeper understanding and insights of the context. Also, use of an interview
guideline ensures a common structure thus making results comparable [29].

Thus, the technique was selected for collection of data in this study.

The data collection process consisted of three phases shown in figure (3.2)

described below.

Protocol - e rviews
design Pilot Test nterview
/

Figure 3.2: Data Callection Process
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deeper insight about how NFRs are managed w.r.t requirement phases (
elicitation , specification etc) [ 25] and to reveal causes and consequences of
mishandling of NFRs in scrum organization. Total duration of interviews was
between 45 to 50 minutes. In order to make sure that no information is lost
taping was used to record the interviews. Excel was used as the tool to

transcribed data. Details are given in chapter 4.

34, Data Analysis

For analyzing the qualitative data gathered from survey interviews thematic

network analysis technique| 31] and root cause analysis [33] was vsed.
» Thematic network analysis

A thematic network analysis [31] approach is best suited for the in-depth
studying and vnderstanding of tentative interview data. For investigation and
identification of the hidden meanings and implicit subjects in an interview,
thematic analysis is specifically suitable. Firstly the text is coded with different
concept and later those concepts are grouped into categories. By doing this
common themes and pattens are explored. Themes can always be classified
into different levels from elementary to comprehensive, like basic, organized
and global themes. The most elementary theme is the basic. Textual data is the
analyzed by the lowest level i.e. basic theme. Basic theme needs to be studied
in the context of other themes as they do not provide significant meaning to the
data as it only represent the statement of belief which is affixed in the text
moreover basic themes are mostly grouped with other themes which will help
in better understanding of the basic themes. The organizing theme will provide
the meaning of the related basic themes. It is middle level theme that
summarized the basic themes in relation with other themes at a broader level.
Lastly the organizing themes dealt with the global themes. Global themes helps
to understand the text as a whole, it is a significant theme that incorporates the

important metaphors of the data provided.

Thematic network analysis approach with the four stage qualitative data
analysis process by Rene and Taylor-Powell (2003) is applied to analyze the

interviews in this research.
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Stage 2: Categorize
data (e.g., coding
categories and
concepts
[ Stage 3: Appj
>| thematic network
— _ analysis.

Stage 4: Interpret
» the thematic
network

Figure 3.3. Thematic anolysis process flow

Chapter 4 has details of how thematic network analysis is used to identify

a) Process of managing NFRs
b) Issues in management of NFRs

» Root Cause Analygis

After identification of issues, Root cause analysis was performed next. (RCA) [33]
is a technique used to get to the underlying causes of a problem thus facilitating
most effective solution. There are three fundamental things identified in order to
perform RCA:

a) The problem

b) Reason for the-occurrence
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¢) Preventive measures for the future

3.5. Proposed Solution

In order to overcome the RCs identified in the previous step and to eliminate the
major issues a set of guidelines was designed that covers the whole SDLC. Proposed
solution provides a checklist that helps PO to ensure management of NFRs in

complete scrum Process, thus dealing with all major issues.

3.6. Validation

Once solution was designed, it was validated via a focus group of experts. Focus
Group [35] is a research method that along with other uses can be used for
evaluation of potential solutions, based on practitioner or user feedback. , the focus
group method is a cost-effective and quick empirical research approach for
obtaining qualitative insights and feedback from practitioner [33] Details are
provided in chapter 6

3.7. Results (Improvements)

Experts of the focus group session approved the solution with minor changes /
additions in the proposed set of guidelines. Major addition (with consensus of all
participants) was .in the supporting checklist of quality attributes. Details are
provided in chapter 6.
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4. Analysis and Results

After data collection through interview, next step was to analyze the data and get
results. Figure 4.1 shows the steps undertaken for analysis of data. Analysis of

data was designed in order to get the results according to the research questions.

)

Interview Data

AN N

Process issues
Identification identification

N
N

Cause Consequences
Identification identification
L\ -
Root cause

analysis

N

{

Figure 4.1: Data analysis steps

4.1. Process identification

Referring to RQ1 thematic analysis [31] applied on the interview data to find out the
process organizations are following for NFR management. First of all coding technique
was applied on the data in order to group it into manageable chunks called concept
categories. A concept category represents the underlying concepts or knowledge
embedded in the interview text. In total, we divided the data into stakeholder roles,
activities and artifacts for every requirement phase. Concepts were than analyzed in
order to create pattern out of cach category and presented them in form of basic themes.
“A basic theme [31] refers to the lowest-order premises evident in the coded text™. Basic

themes were than further analyzed to group into organizing themes. Basic themes that
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share same meaning issues arguments or assumption are grouped under one cluster i.e.
organizing theme. For instance we grouped basic themes into process, techniques,
artifacts and roles that affect NFR management. Which were then further reduced to
three Global themes (highest level themes). Stakeholder-based, activity —Based and
artifacts Based. Complete Thematic network analysis is shown in appendix [Cland

appendix [D] issues were identified than from the text referring to RQ2.

4.2. Issues- Identification
% Thematic analysis

Global themes of network analysis of process identification were used as the concept
categories for the issues (referring to RQ2). Again, thematic network analysis is
performed on the data in order to find out the major issues. Appendix [D] shows the
code categorization and basic themes division for issues identification. Table 4.4 below
shows the organizing and global themes . Results (major issues) obtained from this

thematic analysis network are compiled in table 4.5

issues. Basic themes Organizing themes Global themes.

Lack of initial NFR
identification by clients. NFRs are overlooked Pr--2ss based

Identification of NFRs after | during requirement

deliverables. elicitation process.

Focus of stakeholders on
functional requirements.

[nitially.

Lack of NFR related questions
in requirement elicitation

questionnaires
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Lack of explicit methods for
NFR elicitation
Lack of awareness about

NFRs.

The change request docs miss
NFRs addition.

User stories for NFRs are
difficult to create

No explicit user stories are
created for NFRs

No explicit method for
specification of NFRs

NFR specification s

considered difficult

Technique-based

NFRs are not discussed in
every sprint,

Lack of NFR discussion by
PO throughout the project.
Reliance on  developer’s
experience for NFR
development throughout the

project.

NFR are not discussed in

every sprint

Pror~-- based

Lack of NFR prioritization
Product backlogs lacks NFR
related items,

Cost estimation and resource
allocation for NFRs remain

indeterminate.

NFRs are not part of
Product Backlog.

Artifent Bosed
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Test cases for only explicitly
mentioned NFRs.

Explicit test cases are not
written for Nfrs only.

Lack of methods of NFRs
testing.

Not following proper methods
for testing NFRs

Most of the NFRs remain
untested.

Only standard based NFR
testing

Reliance on Standard for NFR

testing

Inappropriate  methods
for NFRs testing

Technique —based

Reliance on organizational

quality standard for NFRS
development.

Quality standard does not
cover all NFRS.

One quality standard for all
types of project

Org. quality standard lacks
inclusion of ail NFRS.

Organization’s own quality
standard.
No proper format for creating

quality standard

Inadequate quality
standard for NFRs.

Artifact —bha-~1

Table 4.4 Issues Basic, argonizing and global themes
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Sr.no. Major Issues
1 NFRs are overlooked during requirement elicitation process.
2 NFR specification is considered difficult
3 NFR are not discussed in every sprint
4 NFRs are not part of Product Backlog.
5 Inappropriate methods for NFR testing
6 Inadequate quality standard for NFRs.

Tabile 4.5: major issues

4.3, Causes of the major issues:

After identification of the major issues next step was to identify the causes of the issues.

In order to eliminate the causes and built a solution that results in solving the major

issues root cause of every issue was required. For which root cause analysis with the

help of 5-why technique was performed.

¢ Root cause analysis :5- why technique

Tn order to find the root causes for all major issues we used 5 why technique [33]. In
which every major issue was answered cause wise up to the depth of 5% level, For
instance issue no. 1: NFRs are overlooked during requirement elicitation process is

answered for every possible cause. Than every cause is again examined for the deeper

reason of occurrence until the root cause is identified (that cannot be further divided).

Figure 4.2 to 4.7 below shows the excel work for the RCA of all the major issues.

Resulting in identification of root causes of all the issues.
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After root cause identification raw graph tool [38] is used to express the relationship
between major issues and their root causes. Figure 4.9 shows the relationship diagram
of the issues with their root causes. Different colors are used for every issue and width

of the colors represent the no. of root causes associated with the issue.
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Few changes cannot be met at
the end of the project hence

can result in project failure

6 Inadequate quality standard for
NFRs.

Missing of some major
requirements

Late identification of some
early need to be implemented
requirements.

Incomplete testing of project if
testing of NFR is about

checking in accordance with

quality standard.

Table 4.11: consequences of the major issues
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5. Proposed Solution

This chapter explains the proposed solution in detail. Solution consists of three steps
as shown in figure 5.1

e basic guidelines design

- ) .

‘ e checklist for all scrum ceremonies -

k--_ k

e guidelines supportng checklist

Figure 5.1 solution construction

5.1. Step 1: Basic guideline design

In order to solve the major issues mentioned in table 4.5 we designed a set of basic

guidelines that covers all major issues and helps in improving the process.

» Early Identification and quantification OF NFR

1. Elicitation of NFRs at initial levels with functional requirements,

1.1.Divectly from customers by adding questions about NFRs in requirement
gathering questionnaire
1.2. Using prototypes.
2. Identification of NFRs from elicited Functional requirement taking help from

ISO quality standard.
3. Identifying the sub quality attributes with the help of quality standard of the

elicited quality attributes.

4. The NFRs collected from FRs than are to be discussed by clients and priority

can be set in consensus with them.

Managing Non-Functional Requirements in scrum 39



Chapter 5 Proposed Solution

» Product backlog management with NFRs.
1. Elicited NFRs now should be added as separate items in product backlog

with labeling as constraint 1, constraint 2, and constraint 3...
[These separately mentioned NFRs have two conditions.
¢ One NFR can be constraint over multiple user stories (functional
requirement)
e One user story (US) can have multiple constraints.)
2. For the purpose of NFR management in product backlog NFRs will be
added separately in
2.1.Acceptance criteria of every user story

2.2.Definition of done as a separate requirement.

For example:
Acceptance criteria for USI:

Feature 1, feature 2

Constraint 1, constraint 3

So a story is not accepted unless constraints are not achieved.
Similarly
Definition of done for constraint 1:

US 1, US3, USS should be done.

3. A constraint that belongs to a story form next iteration will stay in
definition of done but completing its part of 1 user story the acceptance

criteria will ensure the completion of 1 user story

» lterative and Continuous testing of V¥R

1. The concept of iterative testing is to be introduced, that is to test NFRs in
every iteration whenever and at any possible rate.
2, Testing of every sub quality attribute will make iterative and continuous

testing possible.
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3. Using ISO standard 9126 as a check list for testing will make process
easier and authentic.

4, Test cases must be written for every constraint and should be dealt in every
possible iteration.

§. Using Prototypes as suggested earlier can also help in verification of
NFRs.

» Dale of Prod=~t Ow—-~

1. Need to introduce transparency in requirements.
2. ISO standard has been followed all over the SDLC from identification to
validation?

3. NFRs are considered and discussed in every sprint?

5.2. Step 2: Checklist for all scrum ceremonies

In order to execute the solution in industry the basic guide is than
converted in the form of a checklist for all scrum ceremonies i.¢. product
backlog creation, sprint planning, daily scrum etc. [4]. Starting from
requirement identification and ending on to sprint retrospective set of
checklist is provided for all scrum events. Appendix [A] provides the
complete description about the scrum events for which guidelines are

created

5.3. Step3: Supporting guidelines for checklists

In order to get the tasks done mentioned in checklists supportive
guidelines are provided for checklist so that teams will not have any

problem for achieving the goals of checklists.

Following is the finalized version of Solution ( checklist along with their

supportive guidelines)

< Secrum Phases

1. Pre- Requisite to Sprint planning

Managing Non-functional Requirements in Scrum 41



Chapter 5 Proposed Solution

a. Requirement Identification
b. Product Backlog creation
Sprint Planning
Daily scrum
Sprint review

PB Grooming

AN T

Sprint retrospective

1. Pre —Requisite to Sprint planning

a. Requirement Identification

2. Product Backlog creation

Requirement identification checklist

NFRs are elicited from customers during initial requirement a
1

elicitation?
2 Constraints over all functional requirements are identified? a

Guidelines for requirement identification

1. PO should include NFR related questions early on while eliciting
requirements. A checklist provided (see table 5.1(I)), that is created
according to ISO standard 9126-[43] will help PO in identification of
NFRs.

2. Take help of prototypes in order to make clients understand NFRs easily.

3. Every feature should be analyzed quality wise in order to find out

constraints over them.

Product backlog creation checklist

1. | NFRs are separately mentioned in user stories a
2 | NFRs are labeled and prioritized a
3. | NFRs are categorized according to given standard (checklist) )
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2 Test cases are written for NFRs? o

3 Acceptance criteria of each user story has been made w.rt its | O
constraints?

4 NFRs are added into the done criteria? 0

5 Test criteria for NFRs is planned Iteratively? )
Value estimation a

6 Cost estimation of a requirement includes its NFRs? )

7 Schedule estimation for a requirement is done including NFRs? m)

Guidelines for Sprint Backlog

1. PO should make sure that identified NFRs are transparent and equally
understood by everyone.( during requirement discussion)
2. While making sprint goal team should check the following points
s Sprint goal is not compromising Quality of the system
¢ Quality of the requirements of the current sprint are to be included in the

sprint goal and not left for future sprints or end of the project

3. Acceptance criteria for a user story should look like:

Acceptance criteria of US1
Feature | Description
Feature 2 Description
Constraint 1 Description
Constraint 2 Description

4. Definition of done of a user story

Definition of done for US1 Dene
Feature 1 tested/done 0
Feature 2 tested /uune i
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Qther factors ... m)
Constraint 1 tested /done O
Constraint 2 tested/ done a

5. Quality testing should be done alongside with feature testing.( During sprint)

3. Daily scrum

Daily serum checklist

1 What did you do yesterday? a
2 Done quality measures are mentioned? O
3 What will you do today? [}
4 Today's work mentions quality attributes? 0
5 Are there any impediments in your way? )
6 Quality related impediments are mentioned? 0
Guidelines for daily scrum:
Questions to be asked in daily standup.
¢ Did you achieve all quality factors (mentioned) related to yesterday’s work?
e What quality factors you are currently working on??
e What are the factors that are refraining from achieving quality factors?
4. Sprint review
Sprint review checklist
] Done NFRs are mentioned explicitly in the meeting? m)
2 NFRs that could not get completed are mentioned? 0
3 Factors that help in achieving spruu quality are explicitly mentioned? | O
4 Quality attributes for upcoming sprint are discussed explicitly? O
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5 Calculation of remaining work mentions remaining NFRs? 0

Guidelines
Questions of review should add quality related questions
1. Quality of the sprint has been achieved expectedly.

2. What factors create hurdles in achieving quality on time?

5. PB Grooming

Product backlog grooming checklist

1. | User stories with incomplete constraints are added up in backlog for | O

next iteration?

2. | Done definition of incomplete NFRs remains in the PB. ? 0

Guidelines for PB grooming:

Above-mentioned acceptance criteria and Dod (tables)} will help in identification of

remaining NFRs

6. Sprint retrospective

Sprint retrospective checklist

1. NFRs that were well accomplished are mentioned?

2. Areas where quality improvement is required are discussed and sorted?

Guidelines

I. Discussion about quality improvement and quality handling will guide in easy

management of NFRs in later Sprints.
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Taobfe 5.1 NFR checklist

Nonfunctional Requirements

1. Functionabuy
Suitability d
Accuracy 0
Interoperability a
Standards 0
Security (m}
2, Reliability
Fault tolerance a
Maturity 0
Recoverability O
3. | Usability
Understandability O
Learnability a
Operability a
4. | Efficiency )
Time Based efficiency a
Resource based efficiency a
5. Maintainauuﬂy 0
Analyzability O
Changeability )
Stability 0
Testability O
6. | Portability
Adaptability )
Instalability 0
Conformance O
Replaceability a
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5.4. Justification with other Approaches.

As for every problem there are multiple Solutions, similar in our case, we
considered multiple Solutions for solving the aforementioned issues and
selected the best according to our knowledge. A brief description of the

limitations of the other possible approaches given below.

1. Creating an NFR checklist or Matrix,

Explanation: All non-functional requirements are specified in a form of a

checklist or matrix that will help the team to ensure the identification and
validation of the requirements.
Limitations of the approach:

s This will be an informal method that does not support NFR definition/
detailed specification.

¢ Addition and management of NFRs in Product Backlog will remain
unresolved.

e Requirement traceability (NFRs with FRs) will be missing.

Above mentioned limitations states that this technique does not support solution
for all identified issues. Though identification and validation can be done up to
some extent but other identified issues like specification and PB management

remain unresolved.
2. Using requirement specification tools for NFRs also.

Explanation: Tools that help in specification of requirements are used to
specify functional requirements, NFRs should be specified separately and with

the same level of detail.

Limitation of the approach;

¢ This approach might result in excessive documentation that is not an ideal

approach to work with agile documentation.
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» The approach does not ensure the complete identification of NFRs, if NFRs
remain unidentified this approach would not be able to figure out, and
requirements will remain missing.

¢ The approach also does not ensure the requirement management in product
backlog that is one if the identified issues.

* This might requires extra training in order to understand the tool.

Above mentioned limitations states the identified issues, hence showing that this

solution is not meeting our goal of problem solving.

3. Introducing NFRs in UML diagrams,

Explanation: definition of NFRs in UML format along with FRs. Just like
in NFR framework (reference no.) introduces concept of loose cases for

nen-functional requirements.

Limitations of the approach:
¢ This approach does not ensure complete identification of all NFRs
¢ This will increase documentation, that is contrary to agile methodologies.
e Extra training would be required in order to draw the requirements.
e This approach is limited to specification, PB management issues remain

unresolved.
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% Demographic data:

Anonymous demographic data collection from focus group participants.

..

% Data collection:

Audiofvideo-taped focus session with participants agreement, and
transcribed verbatim for analysis. Strictly preserved confidentiality, except

where disclosure is mandated by a court of law.
* Guiding questions

Guiding questions were created for the focus group meeting. Questions

designed in a format to explore multiple things

¢ Opinion of experts about sotution in terms of solying the main issue

¢ Strengths and weaknesses of the proposed Solution

¢ Technical, organizational and personal barriers towards following the
solution

¢ Suggestions for improvement

Detalled guide Is shown in appendix [E}

% Focus Group agenda planner

A complete agenda for the session with event details and time duration
was planned and shared with the participants of the session. Details are
shown in appendix[D]

% Participants

Table 6.1 shows the details of the participants in focus group
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Expert Experience Position/Title
Expert A 10+ycars Product Owner
Expert B 10-+years Executive Member

of Open Islamabad,
Founding Member
of Pakistan Apgile
Development Society
Expert C 7 years Business ~nalyst
Expert D 8 years Project Manager
Expert E 7 years Assistant project
Manager
Expert F 10 +years Principal Software
engineer/Scrum Master
Expert G 7 + years PM /Scrum miaster

6.3. Expert opinion and analysis:

Table 6.1: FG Participants details.

6.3.1. Data Analysls and resufts,

Audio/video taped and hand notes were translated onto excel sheets for analysis.

Following is the compilation of the expert’s opinion gathered according to the

designed questions. Discussion is divided according to the sections created in

guiding questionnaire.
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% Opinion about solution:

All of the experts agree to the point that solution is solving the major issues as
it is ensuring the inclusion of NFRs at all levels of SDLC. According to expert
G and agreed by all the inclusion of NFRs at early phases is improving the whole
process. Expert F further added that bringing all stakeholders at one page from
the beginning of the process {(about NFRs development) is making the later

phases easier.

L
“"e

Strengths of the solution

Experts of the session mentioned following strengths of the solution.

e Solution is Increasing overall product quality

¢ Solution has proposed NFRs management in all phases of SDLC

e Use of quality checklist is making the process easy to manage. ( as no
prolonged documentation would be required)

» The process will help in Reducing Cost during Maintenance

¢ Lower cost of re fixing the non-functional attributes.

« Solution is easy to understand and grasp.

% Barriers to solution adoption:

a) Technical barriers

For technical barriers experts thinks that their might not be any major
technical barriers as most of the process is to be undertaken by the PO. If
teams get full awareness about the outcomes of the product i.e. increased
quality there will be no barrier in solution adoption , otherwise the solution

is simple to follow and easy to understand.
b) Organizational barriers

Experts in the session mentioned the problem of mindset followed in

organization. According to them, organizations are always reluctant to
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change, however proper cost benefits should overcome any organizational
barriers. They further added that mindset of people is a problem but will
change gradually if they carefully analyze the outcomes of following the
proposed solution, and its long term benefits how it helps in decreasing

technical debt and increment in Return of Investment in long term.
¢} Personal barriers

For personal barriers experts mentioned that their might be some problems
like lack of understanding of solution (at personal level) or inadequate
knowledge and passion of a person. Likewise reluctant attitude towards

adoption of new things, but all these barriers are easily manageable.

6.3.2. Expert suggestions for improvement

Following are the improvements suggesied by the experts.

1. Checklist (quality matrix created for identification) should be
concrete (explanation: assign values or numbers to the attributes so
we will put the number in the story card.)

2. Eliminate quality discussion from daily scrum. As focus will be
diverted (agreed by majority)

3. Use of Prototypes mentioned in identification is not providing major
help, As it is more helpful for collecting Functional requirements;
so0 it can be eliminated but few experts suggested that as it helps in
identifying few UI related requirements so we can take help of

prototypes where needed.

6.4, Improvements in Solution:

In accordance to expert’s suggestions and guidance, Improvements made in

the solution are as follow:

The supporting checklist for identification of NFRs is redesigned by adding
values in form of levels for every quality attribute, Table 6.2 shows the

updated version of the checklist. First column is the quality attributes.
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Second is the sub quality attribute category, and then in correspondence to
every quality attribute a 5 columns for 5 levels are created. The scale of the
levels is mentioned in table 6.3. Now according to the product’s requirement
PO can choose between level 1 to 5 for every aftribute. This level
assignment to every quality attribute not only is helping in exact
identification of quality requirement but also will help creating a scorecard
at the end of the projects or end of sprint. That will help us decide number

of things for next iterations also for other projects. For example:

1. Best ways to achieve quality (attribute wise) at any particular level.
2. Identification of hurdles in achieving quality level wise.

3. Improvements can be suggested and planned accordingly.

Table 6.2. Improved version of checklist.

Quality attributes Sub quality attributes Level | Level | level | Level
1 2 3 4

Level

Functionality Suitability

Accuracy

Interoperability

Stanaards

Security

Reliability Fault tolerance

Maturity

Recoverability

Usability Unacerstanaability

Learnability

Operabinty

C,alooooc ol oo aolc

Efficiency Time Based

efficiency

a

Resaurce based

efficiency
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Maintainawmlity Analyzability

Changeability

Stability

QO Q) C

Testability

Ponauﬁity Adapanility

Instalability

Conformance

al gl al c

Replaceability

Table 6.3: Checklist Scale:

Levels Description
Level . Very low
Level 2 Low

Level 3 Moderate
Level 4 High

Level 5 Very high

6.5. Summary of findings

Altogether, the experts appreciated solution. As for the identified major issues, they
commented that they also have same issues in their organizations. The proposed
solution is addressing alt of them, which is the best part. According to them, the
mentioned obstacles of solution adoption i.e. mindset of people towards adopting

change can easily be handled once they experience the positive results.
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Chapter 7 Summary And Conclusion

7. Conclusion

Scrum is one of the most popular software development model followed in
industry. As it is very successful in delivering Functional requirements of
the projects. Somehow, it has failed in delivering nonfunctional
requirements to its complete level, as suggested by literature and found in

the study conducted.

In order to overcome the issue, this study proposed a set of guidelines that
highlight NFRs management, It suggests the inclusion of NFRs in all
scrum phases. For the purpose, easy and concise set of checklist is ted for
every phase along with their supporting guidelines that is making it easier

to understand and follow.

7.2.  Contribution
The work aims to contribute the following:

¢ A research on management of NFRs in industry.

+ Highlights the challenges industry is facing in managing NFRs in scrum

enviroriment.
+ Causes of the identified challenges,

o A set of guidelines to resolve the issues, with a goal to improve the

product quality.

o Feedback of the agile experts in form of a focus group session, in order

to validate the proposed set of guidelines,

¢ Improvements in the proposed solution after expert feedback.
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7.3. Limitation

Due to the limited time and resources, the research was restricted to a number of
interviews/ organizations. Since findings were in line with the challenges

mentioned in the literature, it does not affect the correctness of the study,

Secondly, for validation of the proposed solution, industry implementation
wasn’t made a part of the scope. If the solution is used by some of the software
houses, that might be very helpful. However, this might take a lot of time. Since
it was a one person research with limited time and resources, all aspects of the

solution validation weren’t possible to cover and focus group was chosen.

7.4. Future work

In reference to the future work, experts from the focus group suggested that
Automation of designed checklist can also be the part of future considerations as
it will help in keeping the records in more efficient way.

Moreover, implementation of solution in the industry will be the next target.

as this will help in fulfilling the real purpose of the research,
7.5.  Summary of work

Research was started with the systematic review of literature; the major area
focused in the beginning of the study was challenges of combining Agile
methodologies with RE practices. The study leads us to the problem of
mismanagement of NFRs with in agile environment. Literature highlighted issue
of negligence of NFRs, but lack the detailed issues and causes of the subject. For
the purpose, a survey was conducted to find out the challenges industry is facing
while dealing with NFRs within Scrum environment. The scope of study was
local software houses of Pakistan; Data collected from survey was than analyzed
thematically in order to find out the major issues, causes and consequences of
the issues. In order to overcome the identified issues a set of guidelines were
devised and were converted in a form of checklist to make it easy and
implementable in the industry. For validation of the study well known agile

experts were invited in a focus group meeting and improvements were made in
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light of their recommendations. The experts approved and appreciated the
solution with minor changes. The improvements were added into the solution

accordingly.
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Appendix —A: scrum events description

The scrum events.

Scrum Definition

Scrum (n): A namework witiin which peupe can address
complex adaptive problems, while productively and
creatively delivering products of the highest possible value.
Scrum is:

O Lightweight

0 Simple to understand

O Difficult to master

Scrum is a process framework that has been used to manage
complex product development since the early 1990s. Scrum
is not a process or a technique for building products; rather,
it is a framework within which you can employ various
processes and techniques. Scrum makes clear the relative
efficacy of your product management and development
practices so that you can improve.

The Scrum framework consists of Scrum Teams and their
associated roles, events, artifacts, and rules. Each
component within the framework serves a specific purpose
and is essential to Scrum’s success and usage.

The rules of Scrum bind together the events, roles, and
artifacts, govemning the relationships and interaction
between them. The rules of Scrum are described throughout

the body of this document.

The Sprint

The heart of sciuwu is a Sprint, a time-box of one month or
less during which a “Don¢”, useable, and potentially
releasable product Increment is created. Sprints best have

consistent durations throughout a development effort. A new
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Sprint starts immediately after the conclusion of the previous
Sprint.

Sprints contain and consist of the Sprint Planning, Daily
Scrums, the development work, the Sprint Review, and the
Sprint Retrospective.

During the Sprint:

C No changes are made that would endanger the Sprint
Goal,

0 Quality goals do not decrease; and,

7 Scope may be clarified and re-negotiated between the
Product Owner and Development Team as more is learned.
Each Sprint may be considered a project with no more than
a one-month horizon. Like projects, Sprints are used to
accomplish something. Each Sprint has a definition of what
is to be built, a design and flexible plan that will guide
building it, the work, and the resultant product.

Sprints are limited to one calendar month. When a Sprint’s
horizon is too long the definition of what is being built may
change, complexity may rise, and risk may increase. Sprints
enable predictability by ensuring inspection and adaptation
of progress toward a Sprint Goal at least every calendar

month. Sprints also limit risk to one calendar month of cos

Sprint Planning

The work 10 be performed in the Sprint is planned at the
Sprint Planning. This plan is created by the collaborative
work of the entire Scrum Team.

Sprint Planning is time-boxed to a maximum of eight hours
for a one-month Sprint. For shorter Sprints, the event is
usually shorter. The Scrum Master ensures that the event
takes place and that attendants understand its purpose. The
Scrum Master teaches the Scrum Team to keep it within the

time-box.
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Sprint Planning answers the following:

C What can be delivered in the Increment resulting from the
upcoming Sprint? O How will the work needed to deliver
the Increment be achieved?

© 1991-2013 Ken Schwaber and Jeff Sutherland, All Rights
Reserved Page |9

Topic One: What can be done this Sprint? The Development
Team works to forecast the functionality that will be
developed during the Sprint. The Product Owner discusses
the objective that the Sprint should achieve and the Product
Backlog items that, if completed in the Sprint, would
achieve the Sprint Goal. The entire Scrum Team
collaborates on understanding the work of the Sprint.

The input to this meeting is the Product Backlog, the latest
product Increment, projected capacity of the Development
Team during the Sprint, and past performance of the
Development Team. The number of items selected from the
Product Backlog for the Sprint is solely up to the
Development Team. Only the Development Team can
assess what it can accomplish over the upcoming Sprint.
After the Development Team forecasts the Product Backlog
items it will deliver in the Sprint, the Scrum Team crafis a
Sprint Goal. The Sprint Goal is an objective that will be met
within the Sprint through the implementation of the Product
Backlog, and it provides guidance to the Development Team

on why it is building the Increment.

Daily Scrum

The Daily Scrum is a 15-minute ume-buxed event for the |
Development Team to synchronize activities and create a
plan for the next 24 hours. This is done by inspecting the
work since the last Daily Scrum and forecasting the work

that could be done before the next one. The Daily Scrum is
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held at the same time and place each day to reduce
complexity. During the meeting, the Development Team
members explain:

[C What did [ do yesterday that helped the Development
Team meet the Sprint Goal?

0 What will I do today to help the Development Team meet
the Sprint Goal?

3 Do I see any impediment that prevents me or the

Development Team from meeting the Sprint Goal?

Sprint Review

Sprint Review A Sprint Review is held a the end of the
Sprint to inspect the Increment and adapt the Product
Backlog if needed. During the Sprint Review, the Scrum
Team and stakeholders collaborate about what was done in
the Sprint. Based on that and any changes to the Product
Backlog during the Sprint, attendees collaborate on the next
things that could be done to optimize value. This is an
informal meeting, not a status meeting, and the presentation
of the Increment is intended to elicit feedback and foster
collaboration.

This is a four-hour time-boxed meeting for one-month
Sprints. For shorter Sprints, the event is usvally shorter. The
Scrum Master ensures that the event takes place and that
attendants understand its purpose. The Scrum Master
teaches all to keep it within the time-box.

The Sprint Review includes the following ¢lements:

C Attendees include the Scrum Team and key stakeholders
invited by the Product Owner; U The Product Owner
explains what Product Backlog items have been “Done” and
what has not been “Done”; 1 The Development Team
discusses what went well during the Sprint, what problems

it ran into, and how those problems were solved; O The
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Development Team demonstrates the work that it has
“Done” and answers questions about the Increment; 0 The
Product Owner discusses the Product Backlog as it stands.
He or she projects likely completion dates based on progress
to date (if needed); 2 The entire group collaborates on what
to do next, so that the Sprint Review provides valuable input
to subsequent Sprint Planning; O Review of how the
marketplace or potential use of the product might have
changed what is the most valuable thing to do next; and, O
Review of the timeline, budget, potential capabilities, and

marketplace for the next anticipated release of the product.

Sprint retrospective

The Sprint Retrospective is an opportunity for the Scrum
Team to inspect itself and create a plan for improvements to
be enacted during the next Sprint. The Sprint Retrospective
occurs after the Sprint Review and prior to the next Sprint
Planning. This is a three-hour time-boxed meeting for one-
month Sprints. For shorter Sprints, the event is usually
shorter. The Serum Master ensures that the event takes place
and that attendants understand its purpose. The Scrum
Master teaches all to keep it within the time-box. The Scrum
Master participates as a peer team member in the meeting
from the accountability over the Scrum process.

The purpose of the Sprint Retrospective is to:

C Inspect how the last Sprint went with regards to people,
relationships, process, and tools;

(1 Identify and order the major items that went well and
potential improvements; and,

Li Create a plan for implementing improvements to the way

the Scrum Team does its work.

Product backlog

Product Backlog The Product Backlog is an ordered list of
everything that might be needed in the product and is the
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single source of requirements for any changes to be maae to
the product. The Product Owner is responsible for the
Product Backlog, including its content, availability, and
ordering.

A Product Backleg is never complete. The earliest
development of it only lays out the initially known and best-
understood requirements. The Product Backlog evolves as
the product and the environment in which it will be used
evolves. The Product Backlog is dynamic; it constantly
changes to identify what the product needs to be appropriate,
competitive, and useful, As long as a product exists, its
Product Backlog also exists.

The Product Backlog lists all features, functions,
requirements, enhancements, and fixes that constitute the
changes to be made to the product in future releases. Product
Backlog items have the attributes of a description, order,

estimate and value,

Definition of Done

Definition of “Done” When a Product Backlog item or an
Increment is described as “Done”, everyone must
understand what “Done” means. Although this varies
significantly per Scrum Team, members must have a shared
understanding of what it means for work to be complete, to
ensure transparency. This is the definition of “Done” for the
Scrum Team and is used to assess when work is complete on
the product Increment.

The same definition guides the Development Team in
knowing how many Product Backlog items it can select
during a Sprint Planning. The purpose of each Sprint is to
deliver Increments of potentially releasable functionality
that adhere to the Scrum Team’s current definition of

“Done.”
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Follow | IF No:

up At what stage do you identify your
quality requirements of the system?

4 Do you separately identify that these
are NFRs and FRs or not?

5 IS there any elicitation technigue you
follow for collecting NFRs?

Follow | Does it help you collecting all quality

up requirements of the system?

Follow | If no techryue:

up
How do you Identify NFRs of the
system?
[Example questions]

7 While taking requirements from
clients
Q: Do they understand your
questions easily. .. or the terms you
use for NFRs specifically?

Follow | What do you do if clients are non-

up technical people and do not
understand NFRs?

Follow | What are the challenges you face

up when clients are unaware of NFRs?

8 What are the other issues you face

during identification or collection of
NFRs from clients?

Managing Non-functionol Requirements in Scrum

72




Appen~

9 Is there any way to confirm that u
have elicited all NFRs? (early at the
time of requirement identification}

10 Do u ever feel a need for having a
technique for collecting quality
requirements?

Follow | What are the reasons behind nu

up using any technique for requirement
elicitation?

11 Do you validate or crosscheck NFRs
with the clients?

12 wuen (in which scrum event) do you
perform analysis of requirements?

13 What kinds of problems do you face
during analysis?

14 What kinds of changes are mostly
found during analysis?

Follow | What do you if you find that NFRs are

up vague?

Follow | What is the reason behind vague

up requirements?

15 Do u have any criteria or method for
conforming your analysis?

16 During the regular meetings wiu the

clients (throughout the project) do
they explicitly talk about quality
requirements that they need with
other functional requirements?
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17 How the requirements are briefed to
the team members?

18 In case if requirements are left than at
what stage do you identify them? And
what will you do?

19 Do you ever feel that your customers
are mostly focused and concemed
about functionality and not about non-
functional requirements?

Follow | Do you think it can be a cause for

up negligence of quality requirements?

| Fonow | If Yes: then wnat do you do?

up

20 Once you have euncited your
requirements, how will you write
themn down?

(Expected answers: in the form of
user stories? Or any other format? No
writino ._!_lEm at a]].)
Follow | Do youu deciue NFR s sprint wise?
up
Fonow | If user stories
up Do you write a complete separate user

story for a single NFR?
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ruillow | If not user stories?

up How are they added into the product
backlog?

Follow | If not added into the pB how do u

up track the requirements { Sprint wise)?
Or
How do you decide that which
requirements is needed when in which
phase or iteration?

21 Why NFRs are not written in the form
of user stories? What are the
problems?

22 Do you face any problem while
writing NFRs in the form of wser
stories?

23 Do you ever iace any kinds of
problems because of lack of
specification of NFRs?

24 Do you discuss NFRs in every sprint?

25 PB management
NFRs stored in PB how are they
prioritized? (criteria)

Follow | If developer’s choice:

uo Do you equally consider

functional and non-functional
requirement?

Follow | If according to Cuswmers demand:

up Do you ever feel that your customers

are mostly focused and concermed
about functionality and not about non-
functional requirements?
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26

What are the major chaucnges of NFR
prioritization ?

27

If NFRs are not stored in PB?

How do you manage to implement
them? le. how do you decide the
implementation time? (sprint wise)

28

Do you use auy software for
managing product backlog?

If Yes:
Does it support managing constraints

that are to be kept in PB throughout
the project?

Follow
up

Does it  support  requirement
interdependency

29

How do you test NFRs?

30

When NFR testing is performeu: ( in
which phase)

31

Do you test non-functional
requirements along  with  your
functional requirement?

32

Do you follow any specific
techniques for testing  quality
requirements?

(Quality charts, standards, matrix ,
automated tools)

Follow
up

The techniques u use for tesung fully
assure testing of all quality
requirements? { any particular issues)

13

What are the challenges you face in
NFR testing?
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34

What is your acceptance criteria of a
project?

34

Do you feel a need for specific
technique for testing NFRs in order to
avoid any kind of negligence?

35

Do you test them at the end of each
iteration along with others or you
keep on validating them during all
phases?

37

What are the general causes for not
focusing on NFRs  seriously
throughout the project?

38

Would you like to share any failures
or after affects you face because of
mismanagement of NFRs
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Appendix C: process analysis thematic network

Sr.

no.

Category code

Underlying concepts

Basic inemes.

1

Client/client role

Mostly NFRs are not ¢licited
from clients during initial

elicitation meetings.

Sometimes Clients do not
explicitly mentions NFRs

during elicitation process.

Clients are mostly focused

about functional features.

Clients assume that NFRs
will automatically become
part of the project.

Sometimes  clients  are
unaware of NFRs. ( non-

technical clients)

Few technical clients
explicitly mentions NFRs
initially that saves from

missing NFRS.

Sometimes clients mentions
NFRs after receiving 1% or
initial deliverable from the

team.

NFRs are not elicited initially.

NFR are not explicitly

mentioned by clients.

Focus of clients on functional
requirements initially.
Clients Assume automatic

implementation of NFRs.

Clients are unaware of NFRs.

Technical clients mentions

NFRs explicitly.

Initial deliverables help clients
identify NFRs.
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2 PO and team role

in elicitation

PO and team members are

sometimes ignorant of NFRs.

Focus of PO is on functional

features in the beginning

In early phases NFRS are
mostly assumed by PO and

team members of the project.

PO and team does not discuss

NFRs explicitly initially.

PO and team are ignorant of
NFRs.

Focus of PO is on Functional

requirements initially,

PO and team assume NFRs

mostly in the project.

PO and team does not discuss

NFRs explicitly initially

3 Process of

elicitation

In early elicitation meetings,

generally NFRs are not
discussed with the clients

explicitly.

Lack of early discussion of
NFRs
identification of NFRs.

leads to late

Initial  deliverables  help

clients identify NFRs.

Explicitly mentioned NFRs
are discussed early in the
project.

Requirement elicitation
questionnaire lacks questions

about NFRS.

Lack of NFRs discussion early

in the project.

Late identification of NFRs.

Identification of NFRs after

initial deliverables.

Early identification of only

explicitly mentioned NFRs.

Lack of NFRs questions in

elicitation questionnaire.
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quality

standard sometimes restrain

Organization’s

early and explicit questions
about NFRs

Reliance on organization’s
quality standard restrain from

explicit elicitation of NFRs.

4 Artifacts in

elicitation

Questionnaires designed for

early elicitation meetings

clearly lacks NFRs.
Prototypes help in
identification of NFRS.

There is a preset/predefined
list of NFRs in organization
that are supposed to be

implemented in every project

Lack of questions about NFRs

in elicitation questionnaire.

Prototypes help in

identification of NFRS.

Standard based identification
of NFRs.

5 Client wle i

analysis

their
NFRS

Clients
feedback

provide
on

sometimes  after  initial

deliverable provided by the

team.

In some cases clients give
their feedback about NFRS at
the end of the project.

Clients feedback on NFRs is
not taken initially i.e during

design and analysis

Clients provide their feedback

mostly after deliverables.

6 PO and team role

in analysis

QA membes of the team
perform analysis on NFRs of
the project.

QA members perform NFR

analysis.

PO and client interaction in

case of confusion.
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In case of any confusion PO

discusses  problems  with
clients
7 Process of | Analysis of NFRs is|Analysis of NFRs s
analysis performed by QA members | performed once for whole

of the team once for the whole

project

NFRs are not discussed in

every planning meeting.

NFR analysis after explicitly
mentioning of NFRS

In case of any confusion PO

asks clients queries.

Predefined list of quality

requirements sometimes
helps in analyzing
requirements also sometimes
restrain team from explicitly

analyzing NFRs.

Sometimes analysis of NFRs
is performed at the time of
testing project and clients are

not involved in that process.

project.

Lack of NFR discussion in
planning meetings.
explicitly

Analyzing only

mentioned NFRs

PO and client interaction in
case of confusion.

Analyzing NFRs in
accordance with predefined

quality standard.

Analyzing NFRs  during

testing

No  explicit method for

analyzing NFRS.
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There is no explicit method

for NFR analysis.

8 Artifacts in | Organization’s set quality | Standard based analysis
analysis standard is used for the
analysis of NFRS.
Prototypes help in analysis of | Prototypes help in analyzing
NFRs. NFRs.
9 Client role n | Client specifically has no roic | No  involvement of client
specification in specification, during specification.
10 | PO and team role | Some PO’s and teams believe | PO and team find difficulty in

in specification

that specifying NFRs is a
difficult task.

Despite of specifying NFRS
PO and team build NFRs on
of

knowledge, experience and

the basis their  prior

assumptions.

writing NFRs.

Reliance on prior knowledge
of PO and developers instead
of specifying all NFRs.

11

Process

specification.

of

NFRs are mostly not written

in the form of user stories

Specification of NFRs s

considered a difficult task.

Mostly  Only
identified NFRs are specified.

explicitly

NFRs are not specified as
separate user stories.
Specification of NFRs s

considered a difficult task,

Only Explicitly mentioned
NFRs are specified.

Managing Non-functional Reguirernents in Scrum

82




Apper--

As NFRs identified

mostly late in the project so

are

NFRs remained unspecified.

Sometimes test cases are used

for the specification of NFRs.

There is no explicit or defined
method for specifying NFRs
that leads to the missing

requirements.

Unspecified requirements are

not added in to the product

Late identificanon leads to

lack of specification.

Specification of NFRs in the

form of test cases

No explicit method for NFR

specification.

Unspecified NFRs are missed
from product backlog.

Backlog.
12 | Artifacts in | Separate user stories are not | No explicit user stories for
specification created for NFRs mostly NFRs mostly.
NFRS are not part of Product | NFRs are missed from product
backlog mostly. backlog.
Test cases  help  in | Specification of NFRs through
specification of NFRs. test cases.
13 | Client role in Cucnts are mostly concerned | Focus us clients on FRs gives
prioritization about functional features of | lower precedence to NFRS
the project that automatically | during prioritization.
gives lower precedence to
NFRS.
14 | POandteam role | If not expliculy mentioned | PO and team focus on FRs

in prioritization

by clients, PO and team give

higher priority to FRS.

while prioritizing
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15 [ Process of Unspecified NFRs cannot be | Unspecified NFRs cannot be

prioritization added into product backlog. | added into product backlog,
NFRs not being part of the | NFRs not part of product
product backlog are not | backlog are not prioritized.
prioritized.
Focus of stakeholders on | Focus of SH on functional
functional requirements | requirements while
leaves NFRS low priority | prioritization, gives lower
requirements. precedence to NFRs,

16 | Artifacts in NFRS are not treated s ©B | nRs are not part of PB.
prioritization items,

17 | PO and team role | Team mostly implement | Reliance on PO and team’s
in NFRs directly based on their | prior knowledge and
Implementation | prior experience. experience for

implementation.

18 |Client role in [ Feedback is taken from the Client’s feedback helps in
testing client. testing.

19 | PO and team role | QA people perform testing on | QA personnel perform testing

in Testing

the basis of their prior

knowledge and experience.

on the basis of prior

knowledge and experience.
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18 | Processoftesung | NFRs  are  wested  in | Org. set Stanuard based testing
accordance with the set
organization’s criteria.
Test cases are not created for
Test cases are not created for | all requirements
all requirements.
Unspecified requirements
Unspecified  requirements | sometimes left untested.
sometimes left untested.
Checklist used for NFR testing
Check list are used for NFR | does not cover all NFRs,
testing lacks all NFRs.
19 | Artifacts in | Organizations have quality | Organicational Standard for
testing standard that helps in testing | testing
of NFRs
Test cases are created for
testing the requirements. Test cases are created for
testing the requirements,

Basic themes

Grgunizing themes

Glopal themes.

NFRs are not elicited initially.

{NFR are not explicitly

mentioned by clients.

Identification of NFRs after initial

deliverables].

NFR elicitation

Process based
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Initial deliverables help clients
identifying NFRs.

Lack of NFRs discussion early in
the project.

Late identification of NFR ( at the

time of development)

Early identification of only

explicitly mentioned NFRs

Lack of NFRs questions in

elicitation questionnaire

Focus of clients on functional

requirements initially

Focus of PO is on functional

requirements initially

PO and team does not discuss

NFRs explicitly initially

PO and team focus on FRs while

prioritizing

Stakeholder — focus

Stakeholder-based

Clients are unaware of NFRs,

Stakeholder

awarcness

Stakeholder-based
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PO and team are ignorant of
NFRs.

Technical clients mentions NFRs
explicitly.

Clients  Assume  automatic
implementation of NFRs

PO and team assume NFRs
mostly in the project.

Stakeholder

assumptions

Stakeholder-based

Clients feedback on NFRs is not
taken initially i.e during design

and analysis

Clients provide their feedback
mostly after deliverables

PO and client interaction in case

of confusion

No involvement of client during

specification.

Stakeholder-

interaction

Stakeholder-based

Reliance on PO and team’s prior
knowledge and experience for

implementation.

QA personne! perform testing on
the basis of prior knowledge and

experience

Stakeholder-
knowledge based

Stakeholder —based
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Reliance on prior knowledge of
PO developers instead of
specifying all NFRs

Prototypes help in identification | technique — | Artifact — based
of NFRS prototyping

Prototypes help in analyzing

NFRs.

Organizational Standard  for | Organization quality | Artifact -based
testing standard-based

Standard based identification of

NFRs.

Standard based analysis

Analysis of NFRs is performed | NFR analysis Process based

once for whole project.

Lack of NFR discussion in

planning gs.

Analyzing only explicitly
mentioned NFRs

Analyzing NFRs in accordance
with predefined quality standard.

Analyzing NFRs during testing.
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No explicit method for analyzing
NFRS.

NFRs are not specified as | NFR specification Process based
separate user stories,

Specification of ~ NFRs is

considered a difficult task,

Only Explicitly mentioned NFRs

are specified.

Late identification leads to lack of

specification.

Specification of NFRs in the form

of test cases

No explicit method for NFR

specification,

Unspecified NFRs are missed

from product backlog,

No explicit user stories for NFRs | Product backlog - | Artifact —based
mostly. management

NFRs are missed from product
backlog
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Specification of NFRs through

test cases

Test cases are used for testing

Technique- test cases

Artifact —based

Unspecified NFRs cannot be
added into product backlog.

NFRs not part of product backlog

are not prioritized.

Focus of SH on functional
requirements while prioritization,

gives lower precedence to NFRs.

NFRs are generally not part of
PB.

NFR prioritization

Process based

Org. set Standard based testing

Test cases are not created for all

requirements

Unspecified requirements

sometimes left untested.

Checklist used for NFR testing

does not cover all NFRs,

NFR testing

Process —based
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Appendix D: Issue analysis thematic network

Category Code

Underlying issues

Basic themes

Stakeholder
based

Clients do not mention NFRs

explicitly in the initial meetings

Lack of initial NFR

identification by clients.

Focus of the client is on

functional features of the
project initially.
Focus of PO is on functional

features of the product

Focus of stakeholders on
Functional Requirements

initially

NFRs are mostly demanded by
clients in review meetings/after

deliverables.

Clients mention NFRs after

reviewing deliverables.

Clients are unaware of non-

functional requirements.

Lack of awareness of clients

about NFRs.

Clients assume NFRs of the
project to be built

automatically.

Clients assumptions about
automatic implementation of

NFRs.

PO does not discuss NFRs in

initial meetings.

Lack of NFR discussion by PO

in early requirement meetings.

Reliance on developer’s
experience about handling of
NFRs throughout SDLC,

Reliance on  developer’s

experience for NER

management,

Team and PO rely on standard
for all the requirement
management related activities,
i.¢ identification of
requirements, specification ,

validation etc,

Reliance on organizational
quality standard for NFRS

management
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Process based

| Lack of NFRs questions in

early elicitation questionnaire.

Lack of NFR related questions
in requirement elicitation

guestionnaires

o~rRs are not usually discussed

early in the project.

Lack u1 early NFR discussion.

NFrs are identified mostly

after initial deliverables.

Identification of NFRs after

deliverables.

No separate methods 1or NFR

elicitation

Lack of explicit methods for
NFR elicitation.

NFRs are sometimes left

unidentified in the project.

NFR left unidentified

throughout the project.

NFRs are discussed once for
whole project not in every

sprint.

NFRs are nuou discusses 1n
every sprint. {once for whole

project)

User stories are not written fur

NFRs mostly

No explicit user stories are
created for NFRs

Writing user stories for NFRs is
sometimes difficult as they are

not very clear in early phases.

User stories for NFRs are

considered difficult to create.

There is no proper format for
specifying NFRS... sometimes
NFRs from prototypes are also
missed just because they are

not defined properly.

No explicit mewod 1ur

specification of NFRs.

Prioritization of NFRs does not

take place.

vack of NFR prioritization
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(Resource allocation for NFRs

is left out in the case where

Cost estimation and resource

allocation for NFRs remain

they are not specified Yand not | indeterminate.

added in PB.

Assignment of Business Values

to the NFRs is missed.

NFR> we not addeu into the | missing of NEFRS  fiont |

updated records after change

request.

updated records after change

requests.

Test cases are not written for

all NFRs.

Missing test cases for NFRs.

Quality standard does not cover
all NFRs ...

and user interface check list are

mostly usability

considered as standard of

quality.

Organization’s own Quality
standard does not cover all

NFRS.

quality standard

cannot work for all types of

A single

projects.

One quality standard for all
types of project

Sometimes all the testing of
NFRs is based on the
organizational quality standard
that leads to incomplete testing

of the requirements

Only standard based NFR

testing

Test cases are written only for
explicitly mentioned NFRs.
(Those that are built on the
basis of developer’s experience

left untested

Test cases for only explicitly

mentioned NFRs,

No proper format for creating

quality standard

No proper format for creating

quality standard

Managing Non-functional Requirernents in Scrum

93



__ *-pendix

Artifact based

Frouuct backlog does not

contain separate items for

NFRs.

rroduct backlogs lacks NFR
related items.

Designed questionnaires (oral
or written) for elicitation of
requirements lacks questions
about NFRs

Lack of questivuz of NFRs in
requirement elicitation

questionnaire

| sesting of NFRs is done
according to the set criteria
hence misses the requirements

that are not present in there

Reliance on Standard for NFR
testing

Managing Non-functional Requirements in Scrum










AEEE-‘A.‘"

Section IV

7. What aspects of solution can be improved and How?
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