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$ ABSTRACT

CONTEXT:Requirementsengineeringisawe|l;{ownandmaturediscipline.
Requirements are or"p.rf, ideniified, Jnalyzed, specified and"riranaged in this process'

still requirements engineering causes ,";;; profr*t.in 
1o.ftware 

projects' Requirements

mistakes cause failure of projects in tt''t or to'st or schedule oveffun' failure in providing

the specifi"A n n.tJJi y ;, producing software systems that do not have adequate

quality. There i, n".d to put tt " 
inaustial best RE practices into practice to overcome

these challenges'

OBJECTIVE: we have conducted an empirical studl to.identify RE practices' which are

viewed as most valuable by 3E practitioners worrdwide. we have conducted a global

sirrvgy with RE .rp.n, ,r,i, ll *rir. 
qu.rtionnaire to find out RE valuable practices'

our target poputu,itoi, *", o.r.tsionals *ho *rr. involved in RE activities' The survey

respondents were divided into multiple groups with respect to their characteristics in order

to find out significant diffarences and commonatities between these groups' The results of

the survey included 6 high value RE pru"rrc.s. These practicep are related to "specification

standards,,, 
..consultation with starcfroiiers", "prioriti zatioi of requirements"' "use of

diagrams,,, 
,,having direct contact wrttL customs;sl" and "identificati6n of requirements"'

Significant differeice was observed between traditional and agile groups with respect to

value of RE Practices'

Inthesecondstepofourthesisweproposed.anRE'approach:.ExtremeRequirements
Engineering (xRi) based on the ia.ntin.a high value'RE practices' This approach

complemented the existing method. "i"tir" 
with-guidelines' XRE tells how the RE best

practicescanbeusedattheirextremeinagiletogetmaximumbenefitsbyputting
minimum effort'

CONCLUSION:ThehighlyvaluableREpracticesthat.\avebeenidentifiedthroughthis
studyandtheapproachXREwirrserpf,.u,..practitionersinbalancingthecostand
benefits of carrying out require..ntr'"rigin."ring activities. it will be"helpful in bringing

agility to the requirements engineering process'
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1. Introduction:

Software is part of our existence whether it is educational, professional or personal it made our

life easy and accurate. Software is no longer a program to perform a task but it is the interaction

of programs, data-structures and documentation and therefore is very complex to develop and

maintain. Software is facing many challenges during different phases of development. These

challenges might hinder a software development process and put the management in a situation

whichifnothandledproperlymayleadtoproductovershootingbudgetandscheduleaswellas

ending up in Poor qualitY.

Requirements engineering process has the significant impact on all other phases of software

development. Most common, time-consuming and expensive to repair effors are the consequence

of inadequate requirements engineering process [l]. Previous studies t2l t3l show that most of

the factors causing failure of software projects are related to requirements engineering so it has a

critical impact on success or failure of software projects' If we do not perform the requirements

process in a right way we may have a wrong product in our hands at the end of the project [4]'

1.1. Requirements Engineering Valuable Practices

Different activities of RE (Requirements Engineering) such as gathering/elicitation'

analysis, description, documentation and management are performed through requirements

engineering practices. Some examples of good RE practices are using a standard document

structure, have direct contact with customers to avoid unclear requirements and having a

dedicated role for requirements engineering activities. 'A good requirements practice can either

reduce cost of the development project or increases quality of the resulting product' [6]' Good

requirements practices ensure that the product quality is under control and it helps in keeping

projectwithintheschedule[5][7].ProjectSuccesscanbeachievedbyapplyingthesewell-

established Practices.

There are different sources of good RE practices in literature. sommerville et al [5] presented a

set of 66 RE practices. By using these guidelines/practices practitioners can improve the software

development process and can gain business benefits. These guidelines are divided into three

major groups which are basic, intermediate and advanced guidelines' There are 36 basic

Extreme Re quirements Engine ering (XRE)



practices, 2l intermediate and 9 advanced practices. The basic practices are concerned with

fundamental activities required to gain control of requirements engineering process, intermediate

practices are concerned with the use of methodological approaches and tools and advanced

practices are concerned with formal methods. These practices are divided into 8 categories

which include documentation, elicitation, analysis and negotiation, describing requirements,

modeling, validation, management and practices for critical systems' Similarly, other

researchers like Davis [6], Wiegers [7], Young [8] and Robertson [9] presented some good RE

practices.

1.2. Existing Surveys for Valuable RE Practices

Many researchers attempted to find out the RE practices that are most valuable according to the

RE practitioners, and can benefit the softwar e organizations. Primary research studies in this

field include a comprehensive survey [10] conducted with practitioners of ten Australian

software development organizations in 2008. The purpose of this survey was to identify relative

perceived values of RE practices from seven key areas of requirements engineering. The results

of this survey presented some high value RE practices. These are making a business case for the

project, assessing the systems feasibility, defining system boundaries, specify requirements

quantitatively, define standard templates for requirements, and use a data dictionary, change

management process and propose test cases. Another empirical study [11] was conducted in

2012 to identiff RE practices which are important for GSD projects. As compared to the

previous study [10] this study included responses from the broad range of RE experts worldwide

by conducting an online survey. This research study identified six high value practices' These

practices mainly focus on GSD project stakeholders, scope, standards and requirements

traceability management. Another study [12] surveyed outsourcing experts from 18 software

developmen t organizations. The aim of this study was to identify significant RE practices for

outsourcing projects. The RE practices from six key areas of requirements engineering are

included in this study. The results identified 43 RE practices signihcant for outsourcing projects.

Kassab et al [13] presented a research survey in 2014 with primary objective of identifying

changes in requirement elicitation, analysis, modeling and verification practices over the last

decade. The results of this survey indicated upsurge of agile methodologies over traditional

Extreme Requirements Engine ering (XRE)



SDLCs in last decade. Decline in the trends of object orientation, scenarios and UML diagrams'

Increased use of natural language to express requirements'

1.3. Inadequacy of Existing Research in the Field of RE Practices

Most of these primary studies t10l tlll t12l in the field of RE practices were conducted in the

specific domains such as global software development or outsourcing' In addition most of these

studies were conducted in only one part of the world with a low sample size. Similarly, almost

all of the studies do not include alr eight categories of RE practices. For example, the study

conductedbyK.Coxetal[10]interviewedpractitionersfromonlytensoftwaredevelopment

organizations in Australia. The study conducted by Niazi et al [11] identified valuable RE

practices in GSD context. The study conducted by Iqbal et al [12] included RE practices for

outsourcingprojectsandthestudyconductedin20|4byKassabetal[13]includedonlyfour

areas of RE.

Hence, the pertinent question is: what are the most valuable practices related to different areas of

REonwhichtheREpractitionersfromallovertheworldhaveacommonconsensus?Ifwefind

such RE practices we can generurizethem and use them as the basis for the development of good

RE processes. our research is in line with the purpose of finding these valuable RE practices' we

haveconductedaglobalSurveytofindoutvaluableREpractices.SecondlywedevelopedanRE

approach based on these practices for agile projects' In the following paragraphs' we will give

details of our research.

1.4. Motivation

There are two main factors behind the motivation for this research. In the following paragraphs'

we will provide details of each factor'

1.4.1. The Cost Factor

The software development industry is characterizedby rapid innovation and intense competition'

To survive this competition, the software industry must develop high quality software on time

and within pre-defined budget. It is a common untrue assumption that performing RE practices

may increase the development cost. That is the reason why IT management hesitates to perform

Extr eme Requirements Engine ering (XRE)
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2008 survey. Majority of the respondents reported the use of natural language to express

requirements.

Small and very small software firms have some characteristics that dilcriminate them from

medium and large size companies these-include project size, staff quality, resources and project

management etc. Hence the requirement engineering practices which are suitable for medium

and large sized firms not necessarilj'suitable for small firms. Qtiispe et al conducted a study [13]

to identify state of the RE practices in very small firms of 'Chile. The data, was collectrdd from

twenty four experienced project maxagers through survey arrd focub grotlp. The finldings showed

that these firms are facing challenges like lack of communication .between customers and

companies which results in imperfect requirement specification, dissatisfaction and scope creep'

Adam et al [148] conducted several case studies in small and medium sized enterprises (SMEs)'

of German software industry. These studies aimed at understanding current R'E capabilities of the

companies and to suggest improvements. The RaqMdn approach was applied in the case

companies to assess their RE process capability. RariMan is a process improvement approach

based on RE practices presenled by the authors [147] previously' Some RE practices are

identified by the participants as working well in indudtries these are model user behavior,-view

based documentation, model domain, prototyping, determine thd scope, and determine the

feasibility.

Daneva et al [149] conducted a focus group study to validite thiiteen RE practices for ERP

projects which they have presented in an earlier study [150]' The participants were ERP

architects of organizations. Thelparticipants identified thb praciices which they have used or seen

in their real life. As a result, twelve out of thirteen RE practices were selected by the participants

as used by thern in real life ERP projects' " ,.

2.1.1. Literatu re AnalYsis 
"

Most of the previous surveys,used either interviews or questionnaires or a mixture of both' Most

of the studies t10l t13l [144] t1451 t1461 t1481 are performed'in only one part/country of the

world. Hence, the findings cannot be widely generalized to practitioners from other countries'

s

g.-
12
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SDLCs in last decade' Decline in the trends of object orientation' scenarios and UML diagrams'

lncreased use of natural language to express requirements'
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1.4. Motivation c^r rhiS research.In 
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There are two rnain factors behind the rnotivation for this rel

*. *iff provide details of each factor'
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innovation and intense comptition'

The software development industry is characterized by '*t:;;il* o*t*
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and within pre_defined budget. It is a common untrue assumption tru performing RE practices

may increase the deveropment cost. That is the reason why IT management hesitates to perform

1.42

Agile

develc

progral

princip, 
-+.

work e

.-.----
Fvl-^-- - n

Extrem e Requirements Engine ering (XRE)



ffi ,'":JL:T,IiI,T;::H:1il1Ti::"))i,,*"ras,decade,,hesoft wareprojec,s
resolution resurts bv researeh conducted bv the standish *rrlo 

'lJ';JilTrrlr;H: 
[ffi_to cFrAos report agire is one ofthe success factors especialry in sma, projects.

(From cHAos 
Figure 2: Proiect resolution results

MANIFEST. 2o13, http://www.versionone.comlassetff 
mg,iles/CHAOSManifesto20l3.pdf)However, CIIAOS report also state

time dropped rrom s4% in 2010 to-r:;: ,:;;:J;::Ti::*ents compreted within

;;;;:i:,Til:ffi:,,",,"*consume fewer resources and produce the maximum refum. Hence, it will be appropriate if weintroduce onry most varuable and most required RE activities in agire.
our research is also motivated by >o (eXtreme programming). xp is a right weighted agilemethod. Xp focuses on 12 core practices e.g. test driven development, pair programming,

ilffi 'ffiT:::i": ff;', iff: :: :: l"':, 
varuabre practices at ex*eme revers to get

throughout the deveropment process. ,'* 
ts a valuable practice so in XP testing is performed

acceptancerestingisperrorme.*,*'"fi#H:.f"j:ff 
H..r,:T,;:,r::ilil:through pair prograrnming where prograrnming is arways done by pairs of two prograrnmers, onewrites the code and the other observes. Xp is very successful p.o""r, thut Isoftware faster and with very few defects. 

sDDrur process that creates working

Similarly, we want

ff:"Hru:k;il",f "-':ilff#ff ;::i";J# -# ffif T;
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I.5. Research euestions

we explored three questions to evaluate the value of RE practices, to check the differences andcommonalities of the opinion of different groups of RE practitioners and to check the co*erationbetween different categories of RE practices.

I?];,,K:!,::::::';:;;,,::{;:::;, practices ore perceived as hovins hish vatues by

The question aims at identifring a set of RE practices that areperceived as having high valueaccording to the RE experts worrdwide according to a predefined criteria.

RQ2: Does any dffirence exist between high value requirements practices wirh variedcharacteristics of participants (with respect to experience rever, company type, company size,Region, and the development process type)?

This question aims at assessing the similarities or differences among different groups ofparticipants based on their varied characteristics. For exampre experience rever is one groupingtype here we want to check that the participants with different revers of experience (unior,intermediate and senior) have the same opinion about the perceived varue of RE practices?

RQ3: Is there ony co-reration among dffirent categories of RE practices?

This question aims to evaluate the relationships among different categories (requirementsdocumentation' elicitation, analysis and negotiation, describing requirements, system modelling,validation, management, andrequirements for criticar systems) of RE practices.

1.6. Expected Outcomes

' 
*J,tj.'f 

RE practices which are perceived as most varuable by RE practitioners a1 over the

Differences and commonalities among opinion of different groups of RE practitioners aboutperceived value of RE practices.

correlation of different categories of RE practices based on participants responses.

An RE approach "xRE" based on guiderine for RE practitioners in agire.

Extreme Requirements Engineering (--r)



1.7. Proposed Solution

The proposed solution complement the agile methods Scrum and Extreme programming (Xp)
with guidelines for the customer representative/product owner. The implementation of proposed
guidelines ensure the extreme use of high value RE practices identified as a resurt of the survey.
The solution is designed in two stages the first stage consists of reviewing the existing methodsof Scrum and XP' Second stage consists of mapping the RE practices into customer
representative/P'o responsibilities, providing the guidelines and providing their implementation
information.

1.8. Research process

In order to answer the research questions,

steps.

the adopted research method consisted of following

RE SLR (252 Research

Papers)

Figure 3: Research process

RE Practices given by
Sommerville et o/.

XRE Development

ldentification of RE

practices from
empirical studies

Mapping of high value
practices onto the p.O

responsibilities

Online Discussions with
agile experts on the p.O

and proxy roles
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o Literature revievr

find up-ro-d"r. rjj:,::i:rs.tand 
the concepts of requireme

the assessment. 
:quirements engineering practices to ;';". 

engineering practices and to
ncluded in the questionnaire for

: 3il?:-ffi;:Tril:;ll'""'testing to check its reasibiritv

participate in the survey. 
ampling techniques and inviting the target

o Survey execution
o Resurts anarysis by apprying different statisticar techniqueso Development of RE upprou.h XR,o Concluding the research and propose future workFollowing research methods *".. ,..0 ,o perform the tasks:

o Research Type: Investigative
o Data collection method: I

different methods tite Structu/e 

used the survey method to collect data. Surveys have
questionnaire to ericit data. 

tred Interviews or Questionnaires. we used an onrine survey
o Source of Data: The data v

organizationsindirrere,,,",J;::"#ffi 
ffi;.ffi [::ffiJ;:"r,#in-house soffware developme nt organization and the organizations that produce thesoftware for externarparties. The organizations were smar, medium or rarge.o sampring Method: convenience Sampring, Snowba, Sampringo Data Analysis Method: we used Statistical anarysis techniques Rerative frequencies,chi-square (Linear by linear association) and coneration (pearson) for data anarysis.The details of the research process are given in chapter 3. Research methodorogy.

I.9. Thesis oufline

Remaining of the thesis was organized as follows:
chaptet#2: This chapter contains literature review rerated to requirements engineering practicesand the previous studies that were conducted in different parts of the worrd in this field. Thischapter further gives brief introduction to different areas of RE and the research in those areas. Italso provides in-sight into recent trends in the field and the progress in rast decade. Second partcovered the width of literature on agile processes and cultivates the background for the proposed

audience to
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SDLCs in last decade. Decline in the trends of object orientation, scenarios and UML diagrams'

Increased use of natural language to express requirements'

l.3.InadequacyofExistingResearchintheFieldofREPractices

Most of these primary studies t10l tl1l tl2l in the field of RE practices were conducted in the

specific domains such as global software development or outsourcing' In addition most of these

studies were conducted in only one part of the world with a low sample size. Similarly, almost

all of the studies do not include all eight categories of RE practices. For example, the study

conducted by K. Cox et al [10] interviewed practitioners from only ten software development

organizations in Australia. The study conducted by Niazi et al [11] identified valuable RE

practices in GSD context. The study conducted by Iqbal et al [12] included RE practices for

outsourcing projects and the study conducted in 2014by Kassab et al [13] included only four

areas of RE.

Hence, the pertinent question is: what are the most valuable practices related to different areas of

RE on which the RE practitioners from all over the world have a common consensus? If we find

such RE practices we can generalizethem and use them as the basis for the development of good

RE processes. Our research is in line with the purpose of finding these valuable RE practices' We

have conducted a global survey to find out valuable RE practices. Secondly we developed an RE

approach based on these practices for agile projects. In the following paragraphs' we will give

details of our research.

1.4. Motivation

There are two main factors behind the motivation for this research. In the following paragraphs,

we will provide details of each factor.

1.4.1. The Cost Factor

The software development industry is characterizedby rapid innovation and intense competition'

To survive this competition, the software industry must develop high quality software on time

and within pre-defined budget. It is a common untrue assumption that performing RE practices

may increase the development cost. That is the reason why IT management hesitates to perform

*
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RE activities. On the contrary, the literature says that by ignoring RE can increase the cost even

up to two hundred (200) time [14] [15] [16].

Figure.l. shows ignoring erors in requirements stage increases the cost of development with

each successive stage and if we do not correct them until the production stage it will double the

development cost. To overcome this challenge, there is a need to focus on RE process. Hence

identifying valuable RE practices can help to solve this problem. Because instead of wasting

money on all RE practices the practitioners can adopt only some most valuable well-established

practices, which will prevent requirements erors and increase the retum on invesfrnent (ROI) on

the project.
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Figure 1: Cost of Corcecting Requirement Errors

(From Motivation for lmproving Software Development Practices, 2014

http://obiectivesoftwaresolutions.com/content/motivation-improving-software-develo0ment-gractices)

l.4.2.Upsurge of Agile and Extreme Programming

Agile software development has emerged in the last decade as new and different way of software

development as compared to the traditional one. All agile methods including Scrum and eXtreme

programming Q(P) follow the core principles that are part of the agile manifesto. These

principles include distinct move towards collaborative development, minimizing n-necessary

work especially documentation, active participation of customers/stakeholders and iterative
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development U7l. With the rise of agile methodologies in the last decade, the software projects

completed within budget and on time increased from 29Yo to 39%. Figure 2 shows the project

resolution results by research conducted by the Standish group for years 2004-2012. According

to CHAOS report agile is one ofthe success factors especially in small projects.

Figure 2: Proiect resolution results

(From CHAOS MANIFESTO 2013, http://www.versionone.com/assets/img/files/CHAOSManifesto2Ol3'pdf)

However, CHAOS report also states that the rate of specified requirements completed within

time dropped from 84% n 2010 to 69% n 2012. So there is a need to focus on requirements

related issues. Secondly the main objective of agile is to do only most required activities which

consume fewer resources and produce the maximum return. Hence, it will be appropriate if we

introduce only most valuable and most required RE activities in agile.

Our research is also motivated by )(P (eXtreme Programming). )(P is a light weighted agile

method. XP focuses on 12 core practices e.g. test driven development, Pair programming,

continues integration etc. XP emphasizes to use these valuable practices at exfreme levels to get

maximum benefits. For example, testing is a valuable practice so in XP testing is performed

throughout the development process. Test cases are developed before writing the code, continues

acceptance testing is performed through customer's feedback. Informal reviews are performed

through pair programming where programming is always done by pairs of two prografirmers, one

writes the code and the other observes. XP is very successful process that creates working

software faster and with very few defects.

Similarly, we want to identifi valuable practices in RE and want to develop an RE approach by

using these practices at their extreme. This approach will also provide many benefits and

overcome challenges ofRE in agile.
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1.5. Research Questions

We explored three questions to evaluate the value of RE practices, to check the differences and

commonalities of the opinion of different groups of RE practitioners and to check the correlation

between different categories of RE practices'

RQl: Llthich requirements engineering proctices ore perceived os hoving high volues by

re q u i re m e nts en gi n ee ri n g p ro ctiti o n ers?

The question aims at identifying a set of RE practices that are perceived as having high value

according to the RE experts worldwide according to a predefined criteria.

Re2: Does any dffirence exist between high value requirements practices with varied

characteristics of participants (with respect to experience level, company type' company size'

Region, and the development process type)?

This question aims at assessing the similarities or differences among different goups of

participants based on their varied characteristics. For example experience level is one grouping

type here we want to check that the participants with different levels of experience (unior,

intermediate and senior) have the same opinion about the perceived value of RE practices?

RQ3: Is there any co-relation among dffirent categories of RE practices?

This question aims to evaluate the relationships among different categories (requirements

documentation, elicitation, analysis and negotiation, describing requirements, system modelling,

validation, management, and requirements for critical systems) of RE practices.

1.6. Expected Outcomes

. A list of RE practices which are perceived as most valuable by RE practitioners all over the

world.

Differences and commonalities among opinion of different groups of RE practitioners about

perceived value of RE Practices.

Correlation of different categories of RE practices based on participants responses.

An RE approach "XRE" based on guideline for RE practitioners in agile.
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1.7. Proposed Solution

The proposed solution complement the agile methods Scrum and Extreme Programming (XP)

with guidelines for the customer representative/product owner. The implementation of proposed

guidelines ensure the extreme use of high value RE practices identified as a result of the survey.

The solution is designed in two stages the first stage consists of reviewing the existing methods

of Scrum and XP. Second stage consists of mapping the RE practices into customer

representative/p.O responsibilities, providing the guidelines and providing their implementation

information.

1.8. Research Process

In order to answer the research questions, the adopted research method consisted of following

steps.

RE StR (252 Research

Papers)

Figure i: Research Process

RE Practices given bY

Sommerville et ol.

i xns Development

n

Compile RE Practices

Online Discussions with

agile experts on the P.O

and proxy roles

Mapping of high value

practices onto the P.O

responsibilities
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o Literature review to understand the concepts of requirements engineering practices and to

find up-to-date requirements engineering practices to be included in the questionnaire for

the assessment.

o Designing of questionnaire and pilot testing to check its feasibility'

. Sampling by using different sampling techniques and inviting the target audience to

particiPate in the survey.

o SurveY execution

o Results analysis by applying different statistical techniques

o Development of RE aPProach XRE

o Concluding the research and propose future work

Following research methods were used to perform the tasks:

o Research Type: Investigative

o Data collection method: we used the survey method to collect data. Surveys have

different methods like Structured Interviews or Questionnaires. We used an online survey

questionnaire to elicit data.

o Source of Data: The data was collected from practitioners of software development

organizations in different countries of the world. The type of the targeted population was

in-house software developme nt organization and the organizations that produce the

software for external parties. The organizations were small, medium or large'

. sampling Method: convenience Sampling, Snowball Sampling

o Data Analysis Method: We used Statistical analysis techniques Relative frequencies,

Chi-square (Linear by linear association) and correlation (Pearson) for data analysis'

The details of the research process are given in chapter 3' Research methodology'

1.9. Thesis outline

Remaining of the thesis was organized as follows:

Chapter#2: This chapter Contains literature review related to requirements engineering practices

and the previous studies that were conducted in different parts of the world in this field' This

chapter further gives brief introduction to different areas of RE and the research in those areas' It

also provides in-sight into recent trends in the field and the progress in last decade. Second part

covered the width of literature on agile processes and cultivates the background for the proposed
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RE approach.

Chapter#3: This chapter describes the research methodology. It provides brief objective of the

research and significance ofthe research. Its state the research questions ofthe thesis and gives

their explanation. It provides the details about the sampling techniques like snowball sampling

that are used to select target population.

It tells the readers how the questionnaire was designed how many categories of questions and

which requirements engineering practices were included in the questionnaire. It reports the pilot

testing of the euestionnaire and provides details of the techniques used for data analysis. It also

gives description on the execution of the survey.

Chapter#4: This chapter contains data analysis and interpretation after conducting the survey.

Chapter#S: This chapter contains detaited description of the presented RE approach. And also

provides details about how the approach can be implemented in industrial setting.

Chapter#6: In this chapter the conclusion of research has been provided. The contributions of

this research work were discussed in an impartial way. This chapter provides summary, the

research contribution and future work of the proposed research work.

1.10. Summary

In chapter I we have provided brief introduction of our dissertation. Section 1.1 explains the RE

domain and valuable practices concept. Section 1.2 provides summary of existing research in this

field. Section 1.3 explains the inadequacy of the existing research to find out valuable RE

practices. The existing surveys though provide us several valuable RE practices however these

practices are not generalizable because almost all of these survey are conducted in only one part

of the world, with low sample size or conducted in specific domain. Section 1.4 provides

motivation for the dissertation which consists of three factors first factor is related to cost of

software development and its link with RE, second one is related to agile methods and third one

is related to existing research and the need to conduct a survey for RE practices. Section 1.5

provides the research questions explored in the study. Section 1.6 demonstrates the expected

outcomes of the study. Section 1.7 gave overview of the proposed solution. Section 1.8 describes

the research process used in the dissertation. Section 1.9 contains overall structure of the

dissertation and provides introduction of different chapter for the readers.
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2. Literature Review

This chapter presents the review of relevant literature in the field of RE practices. The purpose of

review was to gather broader understanding of research in different areas of RE specially related

to identification of valuable RE practices. Following three questions broadly outline scope of the

literature review.

el: What are the primary studies performed to identiff valuable RE practices and what

are their limitations?

Q2: What are the up-to-date (1997-2011) RE practices?

e3: What are the focus points in recent (2011-2014) research in different areas of RE?

Section 2.1to2.4 provide the analysis of questions 1-3 respectively.

2.1. Primary Research Studies to Identify valuable RE Practices

Several research studies have been conducted in different countries to investigate the state ofthe

RE practices. In this section, we are summarizing these primary research studies in the area of

RE practices. Tahir et alll4|)conducted an empirical study to identify most performed and least

performed RE practices in Malaysian software industry. Twenty seven practitioners from

software development organizations participated in the survey. They were asked to rank each RE

practice according to its frequency of use. Results of the study indicated that most of the RE

activities such as requirements prioritization, feasibility study, using software systems to manage

requirements, having standard templates for requirements, and identifying nonfunctional

requirements are mostly followed. While some other RE practices like conflict resolution, using

interaction matrices, prototyping, organizing formal requirements, risk analysis, and including

stakeholders in requirements validation are among fewer practiced activities.

Solemon et al [145] conducted a study to investigate the current state of RE problems and

practices in 63 Malaysian based software firms. They included 82 practices from nine key areas

of RE in the questionnaire. The respondents were asked to identify RE practices which they have

taken part in recently. They discovered that most of the problems were requirements based

problems rather than organizational problems. These problems include incomplete requirements,

ambiguous requirements, and changing requirements.
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cox et al [10] conducted in-depth interviews with practitioners of ten Australian software

developmen t organlzations. Based on their findings they identified several RE practices having

high perceived values. These practices are making a business case for the project' assessing the

systems feasibility, defining system boundaries, specify requirements quantitatively and define

standard templates for requirements, use a data dictionary' change management process and

propose test cases.

Talbot et al [146] looked at RE practices in software development industry of New zealand'The

research aim was to determine the factors that affect RE practice especially within the small and

mediums sized companies. They collected the data from 30 practitioners through questionnaire

and face_to-face interviews. Most of the results showed inconclusive findings however it also

appeared that the issues and challenges faced by New Zealand industry are same as to other

similar oversees comPanies.

Niazi et al [11] investigated relative perceived values of RE practices critical for GSD projects'

The participants placed the degree of importance to each RE practice, based on their previous

GSD projects experience. The study included responses from a wide range of RE experts

worldwide by conducting an online survey. This research study identified eleven high value

practices. These practices mostly focus on stakeholders' scope, standards and traceability of

requirements in GSD Projects'

Another study [12] surveyed outsourcing experts from l8 software development organizations to

identify significant RE practices for outsourcing projects. The RE practices from six key areas of

RE are included in this study. The results include 43 RE practices significant for outsourcing

projects.

Kassab et al [13] presented a research survey about RE up-to-date practices' This survey tends to

identify changes in requirement elicitation, analysis, modeling and verification practices over the

last decade. They used an online questionnaire as data collection method' The results of this

SurveyshowedhightrendsinobjectorientedanalysisanddesignwhilescenariosandUMLare

less common. Software quality assurance, prototyping and inspections showed no changes from
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2008 survey. Majority of the respondents reported the use of natural language to express

requirements.

Small and very small software firms have some characteristics that discriminate them from

medium and large size companies these include project size, staff quality, resources and project

management etc. Hence the requirement engineering practices which are suitable for medium

and large sized firms not necessarily suitable for small firms. Quispe et al conducted a study [13]

to identify state of the RE practices in very small firms of Chile. The data was collected from

twenty four experienced project managers through survey and focus group. The findings showed

that these firms are facing challenges like lack of communication between customers and

companies which results in imperfect requirement specification, dissatisfaction and scope creep.

Adam et al [148] conducted several case studies in small and medium sized enterprises (SMEs)

of German software industry. These studies aimed at understanding current RE capabilities of the

companies and to suggest improvements. The RaqMan approach was applied in the case

companies to assess their RE process capability. RaqMan is a process improvement approach

based on RE practices presented by the authors [147] previously. Some RE practices are

identified by the participants as working well in industries these are model user behavior, view

based documentation, model domain, prototyping. determine the scope, and determine the

feasibility.

Daneva et al [149] conducted a focus group study to validate thirteen RE practices for ERP

projects which they have presented in an earlier study [150]. The participants were ERP

architects of organizations. The participants identified the practices which they have used or seen

in their real life. As a result, twelve out of thirteen RE practices were selected by the participants

as used by them in real life ERP projects'

2.1.1. Literatu re Analysis

Most of the previous surveys used either interviews or questionnaires or a mixture of both. Most

of the studies t10l t13l t1441 t1451 t1461 tl4Sl are performed in only one parUcountry of the

world. Hence, the findings cannot be widely generalized to practitioners from other countries.
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The number of respondents and the size of participating organizations also vary from study to

study. The focus of research studies varies considerably. tlOl focused on RE practices for GSD

projects, [11] on outsourcing projects while [150] validated RE practices that are related to ERP

projects. The key areas of RE that are included in studies also vary in number and type' for

example n45l included 80 practices from nine areas of RE while [10] examined practices from 6

areas of RE. The findings also vary especially the findings relating to the number of resulting RE

practices, as well as value of RE practices. Some of the findings were common such as some RE

practices that are perceived high value in multiple studies' However the results are not

generalizable because of variable factors as mentioned above.

2.2. SLR of Up-to-Date (1997'2012) RE Practices

The literature indicates that available sources for RE practices are mostly outdated for example,

Sommerville and Sawyer presented RE good practices [5] in 1997. RE practices have changed

significantly and new practices have been adopted in last decade' In this section' we presented

up-to-date RE practices which are identified from cuffent (1997-2012) evidence based literature'

Evidence based software engineering (EBSE) improves decision making related to software

development and maintenance by incorporating the current evidence from literature with

practical experiences and human values tl52]. EBSE tries to close the gap between theory and

praotice by giving emphasis on methodological rigor while focusing on relevance for practice

ll53l. we went through toral two hundred and fifty two (252) research studies published during

1997-2012. We took this literature from the authors of an SLR "Evidence in Software

Engineering: A Systematic Literature Review" [151] conducted in 2012' We reviewed these

articles to identify RE practices. Table 2.1 shows the RE practices that we identified from these

studies. From the identified 57 practices only 6 practices were cited in more than one studies'

Detail is given in chaPter 3.
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Studies
NO. Requirements

Engineering

fu€a

I Analysis and

negotiation
@engineering(GoRE)
technlques for requirement elicitation and negotiation'

ll8luel
l201l2"rl
12211231

l24ll2s1
1261127\

2. Elicitation Facilitate requirement elrcltatlon wlrn oomarn onlorugy

J. Describing
requirements

ffiertoavoidunclear
requirements.

1281[2el
t30I

4, Management ffiuirementengineering
activities

l28ll2el

t28l[31]5. Elicitation Use different techniques tor requlremeru gamenng I

interviews, document analysis, us€ cases, scenanos,

prototyping, brainstorming and focus groups'

6. Analysis and

negotiation

Ure 
""tomatic 

toois in requirement analysis process' t32l[33]

7. Elicitation @requirernent gathering t34l

t3sl8. Management Use formal, informal or semltormal representallons lor

requirements management

9. Elicitation @nt elicitation for web-based

system's develoPment

t36l

10. Specification As" 
"lone 

aetecton techniques to remove redundancy

from software requirement specifications'
l37l

ll Management @ to deal with risks in safetY

critical systems.

L32l

12. Management ique to identi$

requirements duplicates and'interdependencies'
t38l

13. Specification @rementprocessand
documentation.

lzel

14. Management Focus on the quahty of software requiremenls to ensure

success of software Projects.

t3eI
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@arwithRequirement
il;;i;;;"mv to reduce the likelv hood of errors thev

*..ia *r,if . dlveloping requirement documents'

[40]
15. Management

t4u
16. Management Use sustatnaotttrY

techniques.

^l-llinc 1421
t7. Modelling Use goal-mo<lelllng ror requ

activities.

r.nr^rDE] f^r 431

18. Specification Use task-oriented requlremelll suBurslr'rE L r v

;;t.;;;* "ornpl"t","tt 
and correctness of

requirement sPecifi cations'

^^^iffnaii 144)
19. Specification Include UML <ltagrams ln rcquu'rtrv'ri

document.

:ffiop 
"ontext 

requirements

Sevaop conte"nroduct requirements

-Mun-uge t"quirements in context

[4s]
20. Management

[4s]
21. Management

[45]
1'.' Management

t4sl
23. I Management Monitor and evolve cusromcr rEqur

t45l
24. Management Monitor and evolve context rt'tlu

f -o^'ri remeniq [4s]
,( Management Monltor Proouot

m$;af"tural requirements [4s]
26. Management

sp""-iry P-a*t tine requirements [4s]
27. Management

4sl
28. Management AnalYze suppon

requirements.
[4s]

29. Management Manage destgn comptextty ,r reYurr

L^'.roed desisn [4s]
30. Management Identiff requlrements tr

complexitY

[4s]
31. Analysis and

negotiation

Analvze requrrements to

i"tiJ" ""t i;rexity and customer satisfaction
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ion use transition
For requirement eltcttattt

;;;k;;;;;-mote training within organization or use

outside consultants

--&.t^^a,anrrrfcmenr

[32)
32. Elicitation

j"r
JJ. Specification Improve quallry ol llaruror-rsrr6ss6Y'vr--- -

documenti bY using stYle guides

' : :: ;l:;;^- ::;L^ 
=;i;; ";;;;;;

t40l
34. Management

t40l
35. Management Include team memDer sarlsraetrvu ,r lrrv vrvJ'-- - r

faclor

::
Su-ld tlr.-. t"um vision collaboratively

i.
: :::: : : i-.;:^:^;^l ;:;h ;;;;;;;i;;i;;

t40l
36. Management

t40l
37. Minagement Use human raclllutul ltr rurv6rorv\

media during decision making

c 401

38. Management Build consensus on rormal oPcrar'r6.

meetings, deadlines and commitments

ffintoalloweveryonetoFacilitate communlcatlor
speak

t40l
39. Management

[40]
40. -specification

Share requirement specllluatru, rvr!rvrcrvu

t40l
41. Management Establlsh tecnnoroBY

all teams

f^. t40l
42. Prioritization Use distributed quatlty runctrolr uEPrvJ

requirement Prioritization

,*;1.,.L^.rrino fhe [40]
43. Specification Create a propqr proJecr st'ruuLurs vrwq rrr,rv r' -^-o

;r;;ffindencv of each activitybnd artefact

edopt;standard waY to work t40l
44. Management

- : I , r. c^4^ -^-^oifnnr [40]
45. Management Maintain and share a ProJssr

4, t40l
46. Management Establish requlremens ?Ji/ ttl 

o'l:"o -r J rv.r' v

people's roles and responsibilities

: t46l
47. Management Make sure to esmollsn llltr lEqurrwrrrv"" -":.-;:t^

single intermediate between the customer ano Ine

develoPment team
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iques for earlY

aboration in

requirement management Process

ffiactivities

Derrne-tnereal(actual)requirements

@hnologiesinthe
"ont"Jof 

."quirement negotiation

esign and

specification of requirements

ffiailing of requirements

n the form of

fvalues given
Prioritize requirement nt

by success critical stack holders

@takeholders)

Table2.lsumnlaryofREpracticesidentifiedfromcurrentliterature

2.3.FocusPointsinRecent(201-l-20,4)REResearch

In response to the third question, we reviewed recent articles and journals related to different

areas of RE. The RE process has different phases rike elicitation, modeling, prioritization'

specification and management. we have reviewed the recent research papers related to each

phase and highlighted the focus points about these areas' The purpose of doing this review is to

gain knowledge about current practices in different areas of RE'

Focus points in Requirements Ericitation Research: Selection of requirements elicitation

techniques is one ofthe focus points in recent research. There are several research techniques but

most often interviews technique is used. The interview topics must be selected in such a way that

they ensure covering all the needed information. Burney et al [53] presented an elicitation topic
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map (ETM) in 2014 that helps the practitioners in preparing interviews. An empirical study, was

conducted by Hadar et al [54] in 20r4to examine the'perceived and actual effects of domain

knowledge on elicitation through interviews' They found several positive and negative effects'

The use of domain ontologies in requiremerits elicitation is also evident in current literature [55]

t56l t57]. The use of only interview technique for requirements elicitation is because of less

methodological guidance about other techniques of elicitation. carrizo et ar [58] presented a

framework for serection of ericitation methods in 2014. This framework provides a wide variety

of elicitation techniques and information on theii use to requirements engineers' Similarly'

we,sandt et ar [5g] compared eight elicitation techniques through a quaritative criteria related to

embedded sensors in 2014'

Tiwari et al [60] presented a framework which uses project contextual knowledge to select

elicitation techniques' Research is done on

elicitation Process.

tools and techniques that-can'be used to automate

Meth et al [61] conducted*a systematic literature review in 2013' The aim of this SLR was to

capture the current state of automated requirements elicitation. Thib SrR included 36 research

studies. They anatyzed these studies according to tool categories, evolution approaches' and

technological concepts. They alsb highlighted the future research needs in the area of automated

requirements elicitation'

During the elicitation process, ways of communication o:T"tn the development team and the

customers are established. The inadequate customer involvement can cause problems in

clarifying and gathering requirenients, priOritizing requirements' getting feedback' loss of

productivity and business loss t59r. A systematic riterature review of stakeholder's identification

(SI) methods in requirenients elicitation was conducted by Pacheco et al 1627 in 2012' 47

research studies were included in this sLR. It addressed three questions. First question was

rerated to methods that are used to carry out the sI in requirements elicitation. The result

indicated that the methods used for SI are'few and not well structured. Second question was

related to effective ilractices used for SI. The results identifiei, three effective practicbs' The third

Extreme Requirements Engineering (XRE)

t8



,$,

quedtion was related to consequences of incorrect SI. The results indicated'that incorrect SI can

lead to requirements that do not correspond to real world needs'

Focus points in Requirements Modeling Research: Thefocus of requirements modeling research

in recbnt years is mainly on inodeling approaches' methods' and techniques' In goal based

modeling business objectives, associated tasks and resources are captured [63] [64]' Another

approachistomodelbusinessprocessesusingUMLdiagrams.Micheletal[67]aimedat

providing evidence related to the effectiveness of uML;modering andrproved that it is not a time

consuming task but actuar time is spend developing and communicating the design. Bider et al

[65] presented a modeling tbchnique in 2014 for business processes to elicit their requirements'

Schneider et al [66] presented a modeling ranguage ,RML. The purpose of this language is to

capture danger modeling, feature modeling and goal modeling'

Lee et al [68] presented a.goal driven feature mod'eling approach in 2Ol3' This approach

separates the feature space into the problem space and the solution space features and creates

mappingbetweenthem.Wnuketal[69]presentedamodelingframeworkiMoREfor

requirements artifacts in large- scale, market driven requirements context' This framework

distinguishesbetween'intemalandexternalinformationstructures.

There is the need for, empirical evaluation of these modeling "p.:t:.*n"t'.fbrahao 
et al [70]

presented a method for evaluating the qualrty of requirements moteling methods based on user

perception. This method consists of two parts. First part.is based on the theoretical model that

explains different quality dimensions of modelling methods' The second part consist of a

practical instrument to measure these dimensions' They also evaluated the model and found it

suitable for assessing requirements modeling methods'

Similarly Goknil et al [71] presented a metamodeling approach in 2013 for ttu'on'ing about

requirements and their relation to models expressed in different modering approaches'

Amokrane et al fT'lprovided analysis of a set of modeling languages' frameworks and methods

for small and medium size organizations. They analyzed them according to their accessibility

and verification techniques. Badreddin et ar [73] explored the reasons behind limited use of
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modeling practices in open sources software development.comr-nunity. They also highlighted the

characteristiLs of modeling tools that will encourage their use.

Focus points in Requirements prioritization Research: Requirements prioritization is the process

of identifying requirements and orderihg them according to their importance [74]' Several

requirement. piioritization techniques have been discussed in recent literature' some techniques

that got focus of the recent research during 201r to 2014 include.analylical hierarchy process

which helps in setting priorities and making.best decisions [75-g5]. Binary search tree is also

used for requirements prioritization [76] t79l t82l t83l ts6l'

In cost value approach the cost of implementing each.requirement and the relative value of each

is carculate d r67tt66r t79r tg4r tg7r. In numericar assignment approach each requirement is

giveriasymbolaccordingto,itsperceivedvalueandthesevaluesareusedtocompare

requirements[76]t7s]t79]t82]t87].Planninggameisanothermostfrequentlyusedapproach

for requirements prioritization these days' This is a meeting that occurs once each iteration in XP

where requirements are prioritized by customer representative [75] t78l t79l t81] [83] t84l'

In cumulative voting approach multiple stakeholders are asked to prioritize requirements through

a ratio scare p6_7gr tg2r tg4r tg6r [g7]. The data.obtained from this voting is useful in finding

correlation between requirements and issues relat'ed to them'

Achimugu et al [gg] "conducted a systematic,literature review of requirements prioritization

research in 20r4and found that the prioritization techniques suffer from multiple limitations

these include dependency issues, lack of scalability, coordination among stakeholders' and'

methods of dealing with rank updates.during requirements evolution. Saranya et al [89] analyzed

different techniques in20r4that are us.ed for prioritization of nonjfunctional requirements'

TheyfoundNFRalgorithmasmostsuitablemethodoloslfor*t:tlu"t::-"t)::':":1,:,:

[90] compared six prioritization techniques lnin '2013 by applying them a set of quality

ffi#ffi *a "*, 
value oriented prioritization (voP) as best method to prioritize software

requirements.
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3. Research MethodologY

There is widespread interest in empirical approaches for software engineering research these

days.Theempiricalapproachesemphasizeonwhatpeopledoorcandoinpracticeinsteadof

what is possible, in theory [g3]. Empirical methods are vital for software engineering because

through these methods we can include human behavior into the research approach taken [94]'

Empirical research has different methods like experiments' case studies' surveys and post-

mortem analysis. These methods are actually not competing' on the contrary' different methods

can be used together to obtain more sources of information [g4]. The serection of these methods

depends on the available resources, access to the subjects, opportunity to control the variables of

interest and the skills of the researcher [95]'

we used survey research method to collect data' "survey research is used to identify the

characteristics of broad population of individuals. It is mostry closely rerated to the use of

questionnaires for data collection,, [95]. Survey is an effective data collection method for

software engineering projects especia,y when we talk about identifying current practices [96]'

Through survey large amount of data can be corlected in relatively short period of time' surveys

are less expensive as compared to other data collection techniques and surveys are easy to

administer [g7]. Through survey we can send the questionnaire to a large number of people' we

can cover a large population by taking a sample which is representative of the population' we

anaryzethe data and draw conclusions. Then these conclusions are generalized to the population

from which the samPle was taken'

The major cha,enge faced by the survey research is to control the sampling bias [95]' Sampling

bias causes problems in generalizing the survey results. For exampre, the respondents may not be

the true representative of the actual population'

Low response rate also causes bias in surveys' According to Singer et al [98] the response rate

for software engineering surveys is almost 5%. Another challenge faced by surveys is to ensure

the questions are designed in a way to get usefur and valid data. Another problem is that it is

possible that what people say they do in survey response they may not actua,y do it because they

do not introspect reliability on their work practices [95]'

tt
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The core activities of the survey are discussed below'

3.1. ConcePtion:

First activity of the survey is to formulate the research questions that we have to answer' In this

thesis, we have to evaluate the following questions;

RQl: which requirements engineering practices are perceived as having high values by

re quirement s engine ering practitioners?

The question aims at identifiing a set of requirements engineering practices that are perceived as

having high value according to the requirements engineering experts worldwide'

RQ2: Does any difference exists between high value requirements practices with varied

characteristics of participants (with respect to experience level' compony type' company size'

Region, and the development process type)?

This question aims at assessing the similarities or differences among different groups of

participantsbasedontheirvariedcharacteristics.Forexampleexperiencelevelisonegrouping

typeherewewanttocheckthattheparticipantswithdifferentlevelsofexperience(unior,

intermediate and senior) have the same opinion about the perceived value of RE practices?

RQ3:Isthereanyco-relationamongdifferentcategoriesofREpractices?

This question aims to evaluate the rerationships among different categories (requirements

documentation, elicitation, analysis and negotiation, describing requirements, system modelling'

validation, management, and requirements for critical systems) of RE practices'

3.2. Select SamPle

Wedefineourtargetpopulationaspractitionersfromdifferentsoftwaredevelopment

organizations that are involved in requirements engineering activities. For example requirements

engineers, requirements analysts, Project managers/Team lead or business analysts' The

eligibility criteria for target population was'

1. Requirements Engineers working in the industry

2. Team Lead lProject Managers
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3. Business AnalYsts

4. Requirements Analysts

we decided to use convenience sampling. we could not use representative list because for this

wewouldhaverequiredacompletelistofallREprofessionalfromallovertheworldfrom

whichwecouldrandomlyselectsamplebutnosuchlistexists.Weusedtwowaystogainaccess

to our RE professionals around the globe'

3.2.1. Snowball SamPling

Weusedsnowballsamplingasoneofthemeanstoaccessparticipants...Snowballsamplingisa

non.probabilitysamplingtechniquethatisusedbyresearcherstoidentiffpotentialsubjectsin

studies where subjects are hard to locate"' [,,] In snowball sampling' we first identiff the initial

subject than we request the subject to help us identiff people with similar properties' We sent

emailstoREexpertsbyusingourpersonalcontacts'Weaskedthemtoassistusinourresearch

and forward the survey links to their contacts with having similar characteristics as required by

our research- We included the survey link to the emails'

32.z.Linkedln GrouPs

secondly we sent requests through emails to members of Linkedln groups. Table 4 presents the

list and details of these groups. we posted the request to participate in our survey and survey link

on these groups as well'

GrouP (RESG)

@ngProfessionals
Sffi EGne€rrng Professionals

nequirements Engineering

ReGFRequit€ments Engineering

Engineering

S"ft**" D"*t"p.ant Professionals Group

Soft*are Engineering

Se-EEssionalsNetwork
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ilE*.r" Professionals GrouP

Requirement Engineering'

D',reE CCnt Requi'embnts in U'S'A

c ro-u. t sbft *a re E n gi n ee ri n g

,R

Table 3.1 Summary of requirement engineering related g)oup' on Liniiedln

3.3. Determine the Research Method 
se our research

WedrawuponmoreestablishedworkonREpractices[14]and'[16]todevi

approach and choose appropriate research method' As oirr target population was dispersed

around the globe we carried out an online questionnaire technique. we used a web based survey

tool SurveYGizmo

3.4. Design the Questionnaire

A,.the questions included in the questionnaire are closed ended. However the respondents can

add any RE practide which is not incruded in the questionnaire but about which they have the

perceptionofbeingimportant.ThequestionnairecanbefoundinAppendixH.

l.l.t. Questions Categories

The questionnaire has triree categories of questions. First category is related to the particulars of

respondents e.g. what is the experience lever of the participant or position in the company etc'

This category included 5 qqestions. Second category deals with' the demographics of the

respondent's company e.g..location, primary business' size and scope etc' This category included

5 questions. The remaining questionnaiie consists of RE,practices for which the participants have

to choose an imPortance level'

3.4.2. RE Practices Included in Quesiionnaire

Initially, we included only'66 practices presented'by Sommerville and Sawyer in their bo<ik

,.Requirements Engineering: A Good practice Guide" [5]. These practices are divided into three

major groups. There arg,36basic practices which,deal with fundamental aictivities to gain control

oftheREprocess,2lintennediatepracticeswhichdealwiththeuseofmethodological
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approaches and tools, and 9 advanced practices which are related

specification.Thesepracticesweredividedinto8majorcategories.

1. Requirements documentation: practices relating to structuring and organizing the

requirements documents'

Requirements elicitation: practices to help discover the requirem'ents from

stakeholders, application domain' and organizational environments'

Requirements analysis and negotiation: practices to help identify and resolve

incompatibilities and misSing information problems'

Describingrequirements:practicesforeffectivelywritingrequirements.

Systemmodeling:practicesforthedevelopmentofmodelsinordertobetter

understand requirements'

Requirements validation: practices to help establish formal validation procedures

relating to incompleteness, inconsistency or incompatibility problems"

Requirements management: practiceS for requirements management'

Requirementsforcritichlsystems:'practicesparticularly"usefulfor"criticalsystems'

This book was published in 1gg7 and'ii does not include the practices,ryhich were introduced and

adopted by the software development companies and professionals in last decade. Therefore, we

decided to go through the evidence based literature published from 1997 to 2ol2 to identiff

some more up to date practices. From"this literature' we identified 57 new RE practices'

Table.2.lshowsthesepractices.Thepraiticeswhichwerereferredinmorethanoneresearch

papers were considered to be added to the survey' These practices were incorporated into 8

existing categories [5]. we included these 6 practices in the survey so our survey incruded total

72P.8, Practices.

3.4.3. Perceived Value

we used the concept of perceived value to assess the relative importance of practices. "Perceived

value is the extent to which a practice is used in the organization because it is perceived by

practitioners to bring benefits to the organization" [1.0] tl1]. A four point scale is used to assess

the rerative perceived varues of RE.practices. If majority of the participants (>:50%) consider a

practice,as having high value it is considered as a high value'itE practice'

to methbds such as formal

)

J.
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Types of assessments are given below'

o High Perceived Benefits (H): The practice that have a standard document structure

and is always followed as a part of the software development process

o Medium Perceived Benefits (M): The practice is widely followed in the organization

but it is not mandatorY

o Low Perceived Benefits (L): Some project managers introduced this practice only for

particular Projects

c zeroPerceived Benefits (Z): This practice is rarely or never used in organization'

3.5. Pilot Testing of Questionnaire

In a quantitative study like ours the survey instrument (questionnaire in our case) needs to be

validated to check its effectiveness and to check whether the questions are appropriate to elicit

the right information which can answer the research questions. we conducted a pilot study with

two RE experts. After the pilot, study we finalized the questionnaire'

3.6. Data analysis Techniques and Tools

Data analysis is the process of systematically applying statistical techniques on data with the

purpose of describe, illustrate and evaluate data [100]. There are many statistical data analysis

tools and techniques available. The selection of these tools and techniques depends on the type of

data we are going to analyze. we used statistical analysis technique for data analysis'

3.6. 1. Relative Frequencies

RQl: Which requirements engineering practices are perceived as having high values by

requirements engineering practitioners?

In order to find out perceived value of a practice, the occuffence of perceived benefit is counted

from the responses. The count of individuals giving a particular value to a practice is called

frequency of the value of that practice. For example, if 20 participants gave high value to

practice X we will say the high value of practice X has a frequenc520. Secondly we calculated

the relative frequencies. The proportion of individuals having the quality is called the relative
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frequency or proportional frequency [101]. For example, if we have total 60 participants than

the relative frequency of high value of practice X is 33'3' The practices which are defined as

having high perceived value by the majority of participants (Z 50%o) are considered as most

valuable practices.

3.6.2, Chi-square (linear by linear association)

RQ2:Doesanydifferenceexistbetweenhighvaluerequirementspracticeswithvaried

characteristics of participants (with respect to experience level, company type, company size'

Region, and the development process type)?

we used linear-by-linear chi square test to identify the difference between different groups of

participants as done by similar previous studies [11]. This test is most suitable to our data where

samplesizeislargeanddataisintheformofcrosstabulation.
,,The chi-square test is a statistical test that can be used to determine whether observed

frequencies are significantly different from expected frequencies" [102]'

Through chi-square tests, we can compare observed and expected frequencies quantitatively as it

is not possible to decide just by looking at them that there is enough difference between them or

not. statistical significance, in this case, implies that the differences are not due to chance alone,

but they also represent other processes at work. In chi-square test we begin by stating a null

hypothesis. For example in our study, we stated the following hypothesis for the group based on

experience level,

Hj: There is no significant difference between the perceived value of practice X between junior'

intermediate and senior level participants

Here X can be any practice from 72 practices included in the questionnaire' And the alternative

hypothesis is;

Hl: There is the significant difference

Based on the result of the chi-square test we either reject the null hypothesis or fail to reject it'

we used SpSS to perform the chi-square test. ,,we did not used pearson chi-square instead we
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used linear-byJinear association

maters).

because our data is in ordinal form (where order of data

3.6.3. Correlation

RQ3: Is there any co-relation among different categories of RE practices?

co-relation is the statistical measure of how the value of two variables move in relation to each

other. we needed to know whether participants' responses about one category of RE practices

are related to their responses to other categories e.g. the participants who gave high values to

documentation practices they also gave high varues to elicitation practices or not? . To check this

we applied correlation test. There are several correlation coefficients we applied Pearson

Correlation Coefficient as it is most commonly used'

The correlation between two variables is determined by the correlation coefficient. The

correlation coefficient can be between -1 to +l' Perfect positive correlation (+l) means that if

the value of one variable goes up or down the value of the other variable will go in lockstep in

same direction. perfect negative correlation (-1) means if the value of one variable goes up or

down the value of other variable will move in the opposite direction' If the value of the

coefficient is equal to 0 it means there is no relationship between the values of these two

variables and they are completely random. we used SpSS to calculate the correlation

coefficients.

3.7. Execution of the SurveY

The survey was launched on 16 April 2014 and it remained open till 16 June 2014' In total, we

got sixty eight (68) responses from RE professionals worldwide' From these participants fifty

four (54) fully completed the survey while Fourteen (14) gave partial responses with only 11-

l5Yo data about perceived value of RE practices. we included the fifty four (54) complete

responses in data analysis. The detailed results and analysis of data is given in chaper'4'

3.8. SummarY

chapter 3 reports the research methodology of the thesis. Section 3.1 provides brief objective of

the research and section 3.2 explains the significance of the research. Section 3.3 explains in

.}
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detail the research methodology of the thesis. Its state the research questions of the thesis that are

RQl: Which requirements engineering practices are perceived as having high values by

requirements engineering practitioners?, RQ2: Does any difference exist between high value

requirements practices with varied characteristics of participants (with respect to experience level,

company type, company size, Region, development process type)? And RQ3: Is there any co-

relation among different categories of RE practices?

It provides the details about the sampling techniques like snowball sampling that are used to

select target population. It tells the readers how the questionnaire was designed how many

categories of questions and which requirements engineering practices were included in the

questionnaire. It reports the pilot testing of the Questionnaire and provides details of the

techniques used for data analysis. These statistical techniques include calculation of relative

frequencies, chi-square test (linear by linear association) and co-relation test. Section 3.4 gives the

brief description of the execution of the survey'
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Chapter 04 Data Arnbtsis & Interpretation

Section2 of survey deals with companies demographics. The results of this section with respect

to primary business function of participant's companies' show that 53.7% companies are

engaged in in-house software development while 38.9% are engaged in outsourcing

development. With respect to number of employees, we divided participant's companies into

three groups as done by Cox et al [11]. These groups are small with 0 to ): 19 employees,

medium with 20 to >:199 employees and large with 200plus employees. According to this

grouping 51.9% survey participants belong to large companies, 24.1% from medium and 18.5%

from small companies. While 57.4% of these companies are multinational and 42.6Yo ate

national. Most of these companies are concemed with the development of data processing, real-

time and embedded systems while some are concerned with safety critical systems.

Agile approaches have become very populm from the last decade. Agile is a software

methodolory which is initiated from practice to encourage collaboration between users and

developers, to control rapid development cycles and to meet the changing business needs [103].

The effective requirement engineering process ensures fewer typical iterations to complete an

agile software project tl04l. The quality of the process can be gained through disciplined

practices.

ASAP, MSF
3_?(

Figure 5: SDLCs employed by participantsfrom agile community

With respect to the reported use of agile methodologies, survey results indicate that 57.4o/o of

companies are following one or more agile methodologies while remaining 35.106 are following

L
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traditionar software development processes. Figure 5 shows softwme development life cycles

employed by participants from the agile community' We can see that currently there is a high

trend of agile methodology Scrum. It validates the findings of another empirical study [13]

rerated to current ffends of usage of agile methodologies. According to some participants agilrty

is simply ress formahty so they use and trim different agile methodologies with respect to their

contexts and project types. Hence, we can see a great tatio (32%o) in others section'

4.l.l.Overall Anafysis of High Value P=507u) RE Practices

The analysis included responses from 54 professional that participated in our survey' These

responses related to requirements engineering practices are presented in Appendix A' As we

described the practices which are defrned as having high perceived value by majority of

participants e 50%) are considered as most valuable practices. we identified six (6) high value

practices. These practices are RDl (Define a standard document structure)' RE3 (Identiff and

consult system stakeholders), RA5 (prioritize requirements), DR3 (Use diagrams appropriately),

DR6 (Have direct contact with customers to avoid unclear requirements) and RM1 (Uniquely

identiff each requirement). Table 4.1 shows details of these practices'

Tab le 4' t high value (> : 5 0%o) re quirements e ngineering pract ice s

Two requirements engineering practices RE3 (Identifu ard consult system stakeholders) and

DR6 (Have direct contact with customers to avoid unclear requirements) are most highly cited

(6g.5%) high value practices. According to saiedian et al [105] relationship between developers

and customers decide how well the development team can understand and meet needs of the

users. The indirect link between customer and developers means that they do not communicate

Practice (high benefits)

Define a standard document structur€

Identtry an[aonsult system stakeholders

ffiCustomers to avoid

Uniquely identiff each requirement
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directly, but there is some intennediate between them' The intermediates may not fully '

understand the customer,s requirements and may arter them unintentionally' Additionally the

customers are future maintainers of the system so if they participate directly in the development

process they can understand the internal product issues and can make early change decision

about requirements. Hence, the direct contactbetween customers and developers is necessary'

sr.9o/aof our survey participants marked requirements documentation practice RD1 (Define a

standard document stucture) as having high value. It is important to note that the majority of our

participants (57.4\are from the agile community' Typically it is perceived that in agile

requirements documentation is neglected. The reality is that in agile multiple small length

documents are maintained. These include user stories, product backlo.g, sprint backlog and a set

of roadmap documents like domain models, physical architectures, and logical architectures etc'

To make these documents self-explanatory, it is very important to define a standard document

structure.

Sixty one percent (61%)participants marked RMI (Uniquely identiff each requirement) as high

value practice. According to sommerv r*e et ar r5ra unique identifier should be assigned to each

requirement. with this identifier, we can refer to this requirement in other parts of the document

easilY.

RA5 (prioritize requirements) is another highly cited (57 '4%) practice' Requirements

prioritization is very important in software projects because in most of the projects the timeline is

stror!resourcesarelimitedandtheuser,sexpectationsarehigh.Soitisnecessarytoensurethat

the essential features are included in the product'

4.1,2. High vatue RE Practices According to Participant's Experience Levels (Junior'

Intermediate, and Senior)

As mentioned above we have divided the participants into three groups according to their

experience levels. This categori zationincludes juniors (>5 years), intermediates (5-10 years) and

seniors (>10 years). Figure 6 shows the summary of high value P:50%) practices identified by

these groups- The detailed analysis is given in appendix B'

RA5 (Prioritize requirements), Df,.6 (tlave direct contact with customer to avoid unclear

requirements)andRMl(Uniquelyidentiffeachrequirement)areperceivedashighbenefit(>50)

&\
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practices by junior, intermediate and senior experts' RE3 (Identiff and consult system

stakeholders) is perceived as high benefits practices by Intermediate and senior revel experts.

----t
I

I
I

I

RMl. UniquelY identiff each

requirement
DR6. Have direct contact with

customer to avoid unclear

requirements
Di3. Use diagrams aPProPriatelY

DR2. Use languages simPlY and

concisely
RA5. Prioritise requirements

RAI. Define sYstem boundaries

RE15. Use different techniques for
requirement gathering...

RE4. Record requirements sources

RE3. Identifr and consult sYstem

stakeholders
RE1. Assess SYstem Feasibility

RDI. Define a standard document

structure

i *r,
DR3

RA5

RE15

RE3

RD1

zso

'r,

Figure6:kEvaluablepracticesbasedonpractitioners,experience

RE3 (Identiff and consult system stakeholders) is perceived as high benefits practices by

Intermediate and senior level experts. RAl (Define system boundaries) is perceived as high

value practices by junior level participants. while RDl @efine a standard document structure)'

REl (Assess System Feasibility), RE4 (Record requirements sources) and RM10 (Have a

dedicated role for requirement engineering activities) are mostly cited as high value practices by

intermediate revel participants. REr5 (use different techniques for requirement gathering), DR2

(Use languages simply and concisely) and DR3 (Use diagrams appropriately) are perceived as

high benefits practices by senior level participants'

Our next step is to calculate the strength of association between these groups (unior,

intermediate, senior) about perceived value of requirement engineering practices' we used chi-

Square (linear-by-linear association) test to check the significant difference'

Table 4.2 shows detailed application of chi-square test where we can see '?" value is greater

than .05 for all practices. This proves that there is no significant difference between these groups

about the perceived value of RE practices'

L
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RE Cetegory Prrctice frrctitirmert Experience (Totrl EryUe!9X!=51t-
Total
High
Value
keque

Junior
n=8

Inter
media
te
n=12

Sqrior
n=34

Chl-cqurrc Tcst
(Llmrr-by-Lincrr
Assochffon)
a*-O5df=1r P

Documentation RDI Define a standard
document strucfure

28 3 t0 t5 .167 .683

Elicitation REI Assess System
Feasibilitv

22 2 7 13 .719 .396

RE3ldentifr and consult
svstem stakeholders

37 4 9 24 .000 .993

RE4 Record
requirements sources

25 J 8 t4 .777 .378

REl5 Use different
techniques for
reouirement satherins

26 J ., 20 .938 .JJJ

Analysis &
Negotiation

RA 5Prioritise
reouirements

3l 5 8 l8 .564 .453

RAI Define system

boundaries

25 5 6 14 .776 .378

Description DR2 Use languages

simoly and concisely
26 3 5 l8 .178 .673

DR3 Use diagrams
anorooriately

28 4 6 r8 .228 .633

DR6 Have direct contact
with customer to avoid
unclear reouirements

37 5 l0 22 .700 .403

Management RMI Uniquely identi$
each reouirement

33 5 7 2l .187 .665

RMl0 Have a dedicated
role for requirement
ensineerins activities

20 J 7 l0 .532 .466

Table 4.2. Application of chi-square test based on practitioners' experience

4.f3. High Yalue RE Practices According to Participants w.r.t their Company Type

(National, Multinational)

Multinational companies have locations in more than one country while national companies are

limited to only one country . 57.4% of our study participants came from multinational companies

while 42.6% came from national companies. Detailed responses of participants from different

company types are glven in Appendix D. Figure 7 shows valuable RE practices identified by

practitioners from different company types-
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Elicitation REl0 PrototYPe
poorly
understood
requirements

t9 7 4 8 0 1.32
7

.249

5 l3 2 .049 .825
Elicitation REl5 Use

different
techniques for
requirement

24 0

Analysis &
Negotiation

RA 5Prioritise
reouirements

30 5 8 t7 I 1.61

6

.204

RAI Define
systsm
boundaries

23 6 6 ll 2 .026 .872

Description DR3 Use
diagrams

27 6 7 l4 I .021 .885

DR6 Have direct
contact with
customer to avoid
unclear
reouirements

34 7 9 l8 .01I .918

Managanent RMI UniquelY
identifr each
reouircment

3l 5 6 20 2 2.00
5

.157

Critical
Systems

CS5 Cross-check
operational and

firnctional
requirements
against safetY
reouirement

22 J 7 t2 0 .168 .682

q

Table 1.4. Application of chi-square test based on practitioners' company size

4.1.5. High value RE Practices Identilied by Participants that are using Agile or

Traditional SDLC

we divided our survey participants into two groups with respect to software development

process they are currently following. These groups are agile and traditional' 57 '4 o/o of survey

participants reported use of the agile process, 3l%o reported use of traditional processes andTYo

said they axe not sure about the process their company is currently following' Figure 9 shows RE

practices identified by these groups as having high values. Detailed analysis is given in

AppendixE.
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RE3 (Identify urd consult system stakeholders) and DR6 (t{ave direct contact with customers to

avoid unclear requiremants) are commonly perceived high value (>50%) practices by

participalrts following agile or traditional software development process'

RM1. Uniquely identifr each requirement

DR6. Have direct contact with

customer to avoid unclear

DR3. Use diagrams aPProPriatelY

DRl. Use languages simPlY and

conciselY DRl. Define standard

templates for describing requirernents

RA5. hioritise requirements

REl5. Use different techniques

for requirement gathering".

RE3. Identifr and consult sYstem

stakeholders
RD3. Include a summarY of the

rcquirements
RDl. Define a standard document

structure

Figure 9: RE valuable practices based on sofiware development process

RDl (Define a standard document structure), RE15 (LJse different techniques for requirement

gathering), RA5 @rioritize requirements), DRl (Define standard templates for describing

requirements), DR2 (use languages simply and concisely), DR3 (Include a summary of the

requirements), RMl (Uniquely identify each requirement) are highly cited high value practices

by aglle practitioneN only. And DR3 (Use diagrams appropriately) is perceived as high value

pfactice by practitioners who follow traditional methods for software development'

Table 4.5 shows no significant difference was observed across practitioners following different

software development processes (agrle, traditional) about perceived value of RDl (Define a

standard document stnrcture), RD3 (Include a surnmary of the requirements)' DRl (Defrne

standard templates for describing requirements), and RMI (uniquely identify each requiremenQ'

while significant difference was observed about perceived value of RE3 (Identify and consult

system stakeholders), REl5 (Use different techniques for requirement gathering), RA5 (prioritize

'*

L
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requirements), DR2 (Use languages simply and concisely), DR3 (Use diagrams appropriately)

and DR6 (flave direct contact with customer to avoid unclear requirements).

RE Cetegory Prrctb Proes TYpe (FroquencY n=54)

Total
Hidt
value
freouencv

Agile
N=31

Traditi
onal
n=19

Not
Know
t4

Chl-rqnerc Toct
(Llncer-by-Llnerr
Asrocirtion)
n=.05df=1r P

Documentation RDI Define a
standard document
structure

24 17 7 4 .669 .413

RD3 lnclude a
summary ofthe
reouircments

2l 1l l0 3 .697 .404

Elicitation RE3IdentiS and
consult system
stakeholders

34 24 l0 3 6.460 .011

REl5 Use difrerent
techniques for
reouirement satherins

23 r6 7 J 5.353 .021

Analysis &
Neeotiation

RA SPrioritise
reauirements

3l 20 7 4 7.t92 .007

Description DRl Define standard
templates for
describing
rcquirements

2t t6 5 4 2.832 .092

Description DR2 Use languages

simply and concisely

24 t9 5 2 12.90
6

.000

DR3 Use diagrams
aoorooriatelv

25 t9 6 J 7.981 .005

DR6 Have direct
contact with customer
to avoid unclear
reouirernents

33 22 ll 4 4.428 .03s

Management RMI Uniquely
identi$ each
resuirement

29 2l 8 4 2.007 .15',1

Table 4.5. Application of chi-square test based on development process

4.1.6.I{igh Vatue RE Practices Based on Participants'Region

Professionals from five regions (Asia, Europe, America, Australiana and Africa) participated in

onr survey. 35% participants are from Asias 31yo from Europe,22yo from America, 7o/o kom

Australiana and only 3o/o are from Africa. As the participation rate is very low from Australiana

and Africa we excluded them from analysis and included only three regions in analysis. Figure
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Reglon tr.rcqueneY64)RE CrtcgorY Plrcdoe

Total
Hish
value
Frequ
ercY

Asia
N:19

Eurcee
N:17

America
N=12

6

Ausffali
ana
N--4

Africa
N=2

Chi{qu.rcTcrt
(l,incrtY-
Urcrr
tusocbfm)
c=.Olidf=1r P

3 2 .39 .843
Documentation RDI Define a

standad
dccument
shrcture

28 II o

7 2 t.673 .196
RD5 Define
specialized
terms

23 6 6 I

'l J 2 .074 .785
Elicitation RE3ldentifr

and consult
system
sakeholders

37 l3 tz

6 4 2 .034 .854
Analysis &
Negotiation

RA
5Prioritise
rcouirements

31 II U

7 2 I .464 .496
Describing
Requirements

DR3 Use

diagrams

28

34

9

16

9

aDDroDrl4rEly

DR6 Have
direct contact
with
customer to
avoid unclear
reouirements

6 8

ll

J

4

I .652 .420

I 3.358 .067
Management RMI

Uniquely
identi! each

reouirement

JJ IO I

Table 4.6. Application of chi-square test based on participonts' region

b

4.l.T.Correlation among Different Categories of RE Practices

We needed to know whether participants' responses to one category of RE practices ale related

totheirresponsestoothercategories.Tocheckitout,weappliedCorrelationtest.Thereare

several Correration coefficients we applied pearson correlation coeffrcient as it is most

commonly used-

Table 4.7 shows statistical analysis of correlation among different categories of RE practices'
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RE CetcgorYl RE
CetegorY2

Correhtion
a-.05 nd4
P<05

r fl
Documentation Modelline .s52 .30

Elicitation .748 .56

nnalvsis &Negotiation .650 .42
Doeumentatron
Documentation Describine rcquirements .647 .42

Documentation Management .549 .30

Documentation Critical systems .542 .29

Validation ,526 .28

Elicitation .661 .44
Modelline
Modelline Analysis &Negotiation .682 .47

Modelling Describine rcquirements .s27 .28

Modelling Management .643 .4t

ModeUine Critical svstems .505 .26

Modelline Validation .617 .38

Elicitation enalvsii & Negotiation .805 .65

Describine requirements .719 .52
Elicitation
Elicitation Managemant .686 .4't

Elicitation Critical svstems .s27 .28

Elicitation Validation .607 .37

[nalysis &Negotiation Describing rcquirements .623 .39

Analvsis & Nesotiation Management .630 .40

Critical systems .s49 .30
Anatysis & Negotiation

Analysis & Negotiation Validation .732 .54

Describing Requirements Management .541 .29

Describing Requirements Critical systems .472 ))

Tlooarihino R enr lirements Validation .648 .42

Critical systems .508 .26
Management
Management Validation .s33 .28

Validation .615 .38
Critical sYstems

Table 4.7' Cotelation among dffirent categories of M practices

The coeffrcient of correlation is denoted by symbol 'r'. It ranges between +1 to -1' A correlation

of 1 (positive or negative) is perfect correlation, 0 shows no relationship' '8 or '9 shows high

correlation arrd.2or.3 shows low correlation'

we can see rerativery high correlation of eticitation practices with documentation (r-.748),

analysis and negotiation (r-.805) and describing requirements (r'719) practices' while analysis

and negotiation category have a high correlation with validation practices (r.732). coeflicient

of determination is denoted by rz.It tells us how much of the variance in one of the variables is

accounted for by the variance in the other variable'
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4,2. Summary of Findings

In this study 54 requirements engineering experts provide their feedback about the importance of

72 requirements engineering practices. Different statistical techniques like chi-square (linear by

linear association) tests are applied to these responses' The summary of finding from this

statistical analysis is given below'

4.z.|.WhichRequirementsEngineeringPracticesaremostvaluable?

we consider an RE practice as most valuable only if 50yo or greater number of participants rate

it as having high value. From the results of our survey, we identified 6 practices that are

perceived as high value practices by the majority of participants (>:50)' These practices are RDl

(Define a standard document structure), RE3 (Identiff *d consult system stakeholders)' RA5

(Prioritize requirements), DR3 (Use diagrams appropriately), DR6 (Have direct contact with

customers to avoid unclear requirements) and RMI (uniquely identify each requirement)'

Five of these practices are from summerville's 66 practices while one practice DR6 (Have direct

contact with customers to avoid unclear requirements) is from 6 practices which we have

identified from current literature. This practice is the most commonly cited (68'5%) high value

practice among all. It shows the gfeat importance of customer involvement in software

development process these days. Table 4.8 shows details of these practices'

Pnctice (high beneilits) Freqnencl
n-54

Percentage
o/oRE CategorY II)

28 5l.8
Documentation RDI f)efine a standard document $ructure

37 68.5
Elicitation RE3

31 57.4
Analysis &
Nesotiation

RA5 Prioritise requirements

28 5l .8
Description DR3 I Ise diasrams apPropriately

37 68.5
DR6 Have direct contact wrtn cu$omers

avoid unclear requirer4glts-.-
'J

61.1
Management RMI

Table 4.8. Summary of most highly cited (>50%o) RE practices
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4.2.2.Do the valuable RE practices vary across different levels of experts?

Table 4.9 shows senior level experts ranked 7 RE practices as having high value. Intermediate

level experts ranked 8 practices as having high value andjunior level experts ranked 4 practices

as having high value. Three RE practices are considered as having high value by all three

expertise levels. These practices are DR5- Prioritize requirements, DR6-Have direct contact with

customers to avoid unclear requirements and RMl-Uniquely identifr each requirement.

Participant
IVocs

Veluebte Requiremenfi Engineering Practices

Junior (n:8) Fotlowing practices are identified as critical
o RAI- Define system boundaries (63%)

o RA5- Prioritise rcquirements (63%)
o DRGIIsve direct contact with customer to avoid unclear

requirements (G%)
o RMl- Uniquelv identifv each requirement (63%)

Intermediate
(n:12)

Following practices are identifid as critical
o RDI- Define a standard document structure (83%)

o REl- Assess System Feasibility (58%)
r RE3- Identi$ and consult system stakeholders (69%)

o RE4- Record requirements sources (57%)

o RA5- Prioritise requirements (62%)
o DRGHave direct contact with customer to avoid unclear

requirements Q7%)
o RMl- Uniquely identify each requirement (547o)

o RMl0- Have a dedicated role for requirement engineering activities
(54o/o\

Senior (n=34) Following practices are identified as critical
o RE3- Identifr and consult system stakeholders (71%)

o RE15- Use different techniques for requirement gathering. (59%)

o RA5- Prioritise requirements (53olo)

o DR2- Use languages simply and concisely (53%)

o DR3- Use diagrams appropriately (53%)

o DRG lIave direct contact with customer to avoid unclear
requirements (650/o)

o RMl-Uniquelyidentifyeach requirefu

Table 1.9. Summary of high value RE practices for dffirent levels of experts

One practice RE3-Identify and consult system stakeholders has very high frequencies in

Intermediate and Senior level experts. It means that the intermediate and senior level expert

know very well the importance of taking the key stakeholders onboard during the software

1v
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Chapter 04 Data Analltsis & Interpretation

development process. The customer and other stakeholder's involvement is one of the key

practices of agile software development as well. Another practice RDl-Define standards

document structure have a very high frequency in intermediate level expert type.

4.2.3.Do the valuable RE practices vary across expert from different company sizes?

Table.4.l0 shows the participants from large companies ranked 5 practices as having high values

according to the criteria grren above. The participants from medium companies ranked 7 RE

practices as having high value. While the participants from small companies' ranked 8 practices

as having high values.

Two practices RE3-Identi& and consult system stakeholders and DR6-Have direct contact with

customers are perceived as having high values by participants from all type of companies. Both

of these practices are related to stakeholder's consultation. It also validates the fact that the

customer's full involvement is focus of current software development processes.

Company Sizc Valuable Requirements Engineering Practices

Small (n=10) Following practices are identified as critical
o RD3- Include a summary of the requirements (60%)
o RD6- Make document layout readable (60Yo)

o RE& Identify and consult system stakeholders (70%)
o REl0- Prototype poorly undersiood requirements (70%)
o REl5- Use different techniques for requirement gathering like

interviews, document analysis, use cases, scenarios, prototyping,
brainstorming and focus groups. (60%)

r RAI- Define system boundaries (60%)
o DR3- Use diagrams appropriately (60%o)

o DRG Have direct contact with customer to avoid unclear
requirements (o0/"1

Medium(n:13) Following practices are identified as critical
o RD4- Make a busin€ss case for the system (53%)
r RD6- Make document layout readable (53%)
o RE3- Identify and consult system stakeholders (53%\
o RA5- Prioritise requirements (62%)
o DR3- Use diagrams appropriately (53%)
o DRG llave direct contact with customer to avoid unclear

requirements (69%l
o CS5- Cross-check operationaUfunctional requirements against safety

. 
rq.(53%)
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Large (n:28) | Following practices are identified as critical
o RDI- Define a standard document structure (61%)
o RE3- Identify and consuh system stakeholders (75%)
o RA5- Prioritise requirements (61%)
o DRG llave direct contaet with customer to avoid unclear

requirements (640/0)
o RMI- Uniquely identifu each requirement (71

Table 4. I A. Summary of high value RE practices for dffirent company sizes

4.2.4. Do the valuable RE practices vary across expert from different company fypes?

Table 4.1I shows that the participants from national companies ranked 6 RE practice as having

high value. While participants from multinational companies ranked 7 practices as having high

value. Four practices are ranked as having high value by participants from both national and

multinational companies these are RDl-Define a standard document structure, RE3-Identify and

consult system stakeholders, RA5-Prioritize requirements and DR6-Have direct contact with

customers to avoid unclear requirements. We can clearly see from table 4.11 that the participants

from both national and multinational companies have a cofllmon consensus on most of the RE

practices.

Compenyllpe Valueble Requinements Engineering Practim

Multinational(n:31) Following practices are identified as critical
r RDl- Define a standard document structure (52%)
o RE3- Identify and consult system stakeholders (65%)
o RAS- Prioritise requirements (55o/o)
o DR2- Use languages simply and concisely (52%)
o DR3- Use diagrams appropriately (5570)
o DR6- Have direct contact with customers to avoid unclear

requirements (68%)
o RMl- Uniquely identifu each requirement (68%)

National(n=23) Following practices are identified as critical
o RDl- Define a standard document structure (52%)
o RD5- Define specialized terms (52%)
o RE3-Identify and consult system stakeholders (74%)
r REl5- Use different techniques for requirement gatheing (57o/o)
o RA5- Prioritise requirements (61%)
o DR6- Have direct contact with customers to avoid unclear

requirements (7$o/ol

Table 1.11. Summary of high value RE practices for dffirent company types
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4.2.5. Do the valuable RE practices vary acrossr expert practicing different software

development procmses?

Table 4.12 shows that the participants following traditional SDLC ranked 3 Re practices as

having high values. While the practitioners following agile SDLC 9 practices as having high

values. Two practices RE3-Identify and consult system stakeholders and DR6-Have direct

contact with customers to avoid unclear requirements are perceived as having high benefits by

participants from both agile and traditional groups. These two practices are also related to

stakeholder' s consultation.

Pmcrss Type Veluebh Requirements Enginecring Practices

Agile(n:31) Following practices are identified as critical
o RDI- Define a standard document structure (23%)
o RE3- IdertiS and consult system stakeholders Q7%)
o RE I 5- Use different techniques for requirement gathering (52%)
e RA5- Prioritise requircments (65%o)

r DRl- Define standard templates for describing requirements (52%)
o DR2- Use languages simply and concisely (617o)

o DR3- Use diagrams appropriately (61%)
o DR6- Have direct contact with customers to avoid unclear

requirements (71%)
o RMI- Uniquely identiff each requirement (68%)

Traditional(n:19) Following practices are identified as critical
o RD3- Include a summary ofthe requirements (53%)
o RE3-Identify and consult system stakeholders (53o/o)
o DRG llave direct contact with customers to avoid unclear

requirements (5E%)

Table 4.12. Summary of high value RE practices for dffirent process Wes

42.6. Do the valuable RE practices vary across expert from different regions?

Table 4.13 shows that RE3-Identiff and consult system stakeholders is perceived as having high

value by participants from all regions (Asia, Europe, America, Australiana and Africa). RDI-

Define a standard document structure and RA5-Prioritize requirements is perceived as having

high value by participants from Asia, Australiana, and Africa. DR6-FIave direct contact with
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customeffi and RM1-Uniquely identiff each requirement is perceived as having high value by

! participants from Asia, America and Australianaregions'

Rcgion Vduable RcquiremenB Engineering Practicts

Asia(n=19) Following practices are identified as critical
o RDl- Deline a stenderd document structure (58%)
r RE3- Identiff and consult system stakeholders (68%)
o RAl- Define sy$em boundaries (53%)
o RAS Prioritise requirements (58elo)

o DRG Have dircct contact with customers to avoid unclear
requirements (U%)

o RMl- Uniquely ideutify each requirement (58%)

Europe(n:17) Following practices are identified as critical
r RE3- IdentiS end oonsult system stakeholders (71%)
o DR2- Use languages simply and concisely (53%)
o DR3- Use diaarams aooropriatelv (537o)

America(n:12) Following practices are identified as critical
o RD3- Include a summary ofthe requirements (587o)

RD5- Define specialized terms (58olo)

RD6- Make document layout readable (58%)

RE3- Identify and consult system stakeholders (58%)
DR3- Use diagrams appropriately (587o)

DRG Have direct contact with customers to avoid unclear
rcquirements (Cl"/"\
RV3- Use multidisciplinary teams to review requirements (67%)

RMl- Uniquely identify each requiremett (l2o/ol
CSl- Create safety requirement checklists (757o)

CS2- tnvolve external reviewers in the validation process (67%)

CS3- tdentifr and analyse hazards (75%'1

CS4- Derive safety requirements from hazard analysis (83%)

CS5- Cross-check operationaV functional reqs against safety req
(7s%')

CS6- Speci$ systems using a formal specification (587o)

CS8-Learn from incident experience (587o)

CS9- Establish an orsanizational safety culture (58%)

Australiana(n=4) Following practices are identified as critical
o RDl- Define a standard document structure (75%)
o REI- Assess System FeasibiliU (75%)
o RE3- Identi$ end consult system stekeholders (75%)
o RE4- Record requirements sources (757o)

o RE5- Define the system's operating environment (100%)
o RE9- Collect rpquirements from multiple viewpoints (75%)

o RA5- Prioritise requirements (75%)
o DRI- Define standard templates for describing requirements

(75Y")
o DRG Have direct contact with customers to avoid unclear

requiremen6 Qs'Al
o RV3- Use multi-discinlinary teams to review requirements (75%)

Extreme Requirements Engineering @E)
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. RMl-Uniquelyidenti$@
Africa(n:2) fottowing practices are identified as critical

o RDl- Define a standard document structure (100%)

o RD5- Define specialized terms (100o/o)

o RE2- Be sensitive to organisational and political consideration

(100p/o)

r RE3- Identify and consult system stakeholders (f00%)
o REG Use business concems to drive requirements elicitation

(l0o%)
o RE7- Look for domain constaints (100%)

r REl3- Reuse requirements (1007o)

. REl5- Use difflerent techniques for requirement gathering'

(100%)
o RA$ Prioritise rcquirements (100%)

Table 4.13. Summary of high value kE practices for experts from dffirent regions

43. Comparison of Results with Previous Studies

We compared the results of our survey with a similar previous study that was conducted by Niazi

et al [11]. This study included practices from six areas of RE to identiff their perceived value.

They identified six high value practice for GSD projects according to the predefined criteria.

Figure 11 shows results of the comparison between the high value RE practices identified by

both studies. Detailed responses of participants from both studies are given in Appendix D.

Comparison of studies

r GSD Sttrdy

I Currcnt Study

RDI Rt3 DRI RVI Rtvl l

Figure I 1 : Comparison of high perceived value RE practices in GSD and current study
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RE3 (Identify and consult system stakeholders), RA5 (Priorities requirements) and RMt
$'

(Uniquely identify each requirement) are commonly cited high value (>-50%) practices in both

studies. RAI (Define system boundaries), DRI (Define standard templates for describing

requirements) and RVI (Check that the requirements document meets your standards) are

commonly cited high value practices in GSD study. RDI (Define a standard document structure)

and DR3 (Use diagrams appropriately) are commonly cited high value practices in the current

study.

RE Cetegory Pnctice Comprriron of Studics

Total
Hidt
value
fiequency

GSD
Sudy
N:56

Cunent
Study
N=54

C[i*qurrc Tcst
(Lhar-by-Linear
esoa*ion)
o=-O5 df = 1

P

Documentation RDI Define a
standffd document
stuctlll€

52 24 28 .90'7 .341

Eticitation RE3tdantifr and

consult system

stakeholders

73 36 37 .014 .905

Analysis &
Negotiation

RAl Define system
boundaries

54 29 25 .510 .475

RA SPrioritise
reouirements

6l 30 31 .000 .922

Description DRI Define
standard templates
for describing
reouirements

53 28 25 1.669 .196

DR3 Use diagrams
aoorooriatelv

53 25 28 1.372 .241

Validation RVl Check that ttre
requirements
document meets
vour standards

47 28 l9 1.739 ,187

Management RMI Uniquely
identiff each
reouirement

6l 28 JJ .658 .4t7

Table 4.14. Comparisonwith GSD study through statistical analysis

Table 4.14 shows no significant difference was observed in practices identified by practitioners

of GSD and the current study. As the value of p is higher than .05 in case of all practices.
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Chaoter 06 Conclusion & Future Work

5. Extreme Requirements Engineering (XRE)

In the previous chapter, we reported the results of our survey' The aim of the Survey was to

assess the perceived value of RE practices. The survey revealed six RE practices that were

perceived as having high varues according to the RE professionals worldwide. These practices

are related to stakeholder's consultation, requirements specification, and requirements

management. These three areas are thus the main focus of the solution. Instead of re-inventing

the wheel we have complemented the existing most common agile software development

methods scRUM and Extreme programming (XP) with guidelines for agile roles to ensure the

extreme use of these six high value practices'

The XRE was designed in two stages. In the first stage, we reviewed the existing methods of

Scrum and XP. We looked at the work done by the inventive authors of SCRUM and XP as well

as held discussions with practitioners to know the current state of the art through Linkedln

groups. Appendix I shows details of these discussions. we also reviewed the existing literature to

know how RE practices are handled in agile'

In the second stage, we developed the guidelines for the roles that they have to implement in

different stages of these methods to ensure the proper use of six high value RE practices' In the

followingparagraphs,wewillfirstlyintroducethesCRUMandXP.

5.1. SCRUM

scRUM is one of the most widely adopted agile method today t1061' scRuM adopt an iterative

and incremental approach to improving predictability and reduce the risk' [n scrum the

development is done in sprint that last from l-4 weeks. At the beginning of each sprint' the team

selects requirements from a prioritized list to be implemented in coming sprint' At each day of

work the team gathers and reports on their work. At the end of the sprint, the team presents their

work which is in the form of workable product increment. Three pillars of SCRUM are

transparency, inspection and adoption tl16]. Transparency means the process must be visible to

those who are responsible for the outcomes. Inspection means that the stakeholders must be

involved and inspect the process. And the adoption means that if something is going wrong and

it seems that the resurting product will be unacceptable because of it then it should be removed.

t
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SCRUM have two main artifacts product backlog and sprint backlog. The product backlog

contains requirements of the product which are refined regularly and time to time new

requirements are added. At the beginning of each sprint, some requirements from the product

backlog are transferred to the sprint backlog that will be implemented in the sprint'

5.1.1 SCRUM Roles

The SCRUM team have three primary roles these are the product owner' scrum mastero and the

development team. The customer representative or product owner is responsible for defining the

product's features, ordering them, reviewing them and accepting or rejecting the results [108]'

The scrum master acts as the leader of the team and makes sure that the process is applied

properly. The development team is responsible for the development of the working product'

5.1.2. SCRUM Events

The SCRUM itself is a container of the formal events that are performed in it' The scRUM

consists of sprint planning, daily stand-up meetings, development work, sprint review and the

sprint retrospective. Figure l2' Shows the SCRUM events'

The sprint planning meeting is conducted to decide what goal will be achieved in this sprint and

what work will be needed to perform to achieve this goal' The items are selected from the

product backlog and sprint backlog is prepared. Development team' product owner' and scrum

master usually participate in this meeting. other willing stakeholders can also be invited'

The next event is daily standup meetings. The daily meetings are of 15 minutes usually and the

teams synchronize their work in these meetings and plans the work that they will do in next 24

hours. The product owner, scrum master and the development team participates in it' But usually

onry the development teams speaks about their work. The sprint review meeting is performed at

the end of each sprint to review the outcomes of the sprint and discuss the work done in the

sprint. The product owner accepts or rejects the results of the sprint' The sprint retrospective

meeting is conducted by SCRUM team to inspect itself and plan for improvements'

4
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Figure 123: The Scrum events

(From Agile, 201 5, htp://www.eceltic.ielour-work/agile/)

5.2. Extreme Programming (XP)

The extreme programming is a light weighted agile methodology as well as framework. It is an

incremental and iterative process. XP consists of smaller iterations called releases. Each release

in XP consists of couple of iterations and each iteration is at most three weeks [109]. The

strength of )(P process lies in its rules and practices. XP standard practices are collective code

ownership, prcgamming in pairs, continues integration, coding standards, on-site customer,

simple design, refactoring, test driven developmen! planning game' system metaphor,

sustainable pace and small releases.

5.2.1. XP Roles

XP have six primary roles. Customer representative, programmers, coach, tracker, testers, and

consultant. Customer representative is an onsite customer, who is responsible for refining the

user stories and driving functional tests etc. progralnmer is responsible for ovriting the code. The

)
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coach and the tracker are responsible for the management of the project. The coach is responsible

for technical managing the project while tracker tracks the systems success. The tester helps to

choose the functional tests and run them. The consultant is hired to provide the knowledge of the

process to team.

5.2.2.XP Events

fiarm!ry&t€

Figure 4: XP simpli/ied process structure

(FromeXtremeProgramminganOverview'Dudziak'2000'p'8)

Figure 13 shows the simplified XP process. The planning game consists of three stages

exploration, release planning, and steering. In the exploration phase' user provides the user

stories and the deveropment team estimates the effort required to complete each user story. If the

stories are too big then they are broken down into smaller stories and if they are too small they

are combined with other stories. This phase takes from a couple of weeks to few months. Next is

the planning phase where the commitment schedule meeting is conducted to determine the

commitment schedule. commitment schedule is the set of stories along with their estimates that

are to be implemented in the current release t1091. After planning phase, the steering phase
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comes. Steering mean starting the actual process by little moves' These moves include the

iterations, recovery from wrong estimates, from wrong release date and adding new stories'

The iterations also consist of three phase's exploration, planning' and steering' In the exploration

the customers select the stories from commitment schedule to be implemented in current

iteration. And the developers break these stories into smaller tasks. In the planning phase for

each task, a developer accepts the responsibility and estimates the ideal engineering time to

complete the stories. In the steering phase, the actual coding is done and the fictional tests are

run to check whether the completed stories work or not. Daily standup meeting is also conducted

on the regular basis. At the end of each iteration, the functional test cases associated with stories

are reviewed with the customers if they fail they are included in next iteration'

5.3. How RE Practices are handled in Agile and what are the Challenges Posed by Agile on

RE

To answer this question we took help from a recent literature review [128] on RE practices and

challenges in agile.

Requirements Engineering Practices in Agile: Minimal requirements documentation and more

face-to-face communication is one aspect of agile software development [129]. Documentation is

done in the form of user stories to avoid long and complex requirements documents' User stories

enhance communication among stakeholders [130] and shift the focus from documentation to

communication [133]. User stories eliminate the need of continues updating of requirements

specifi cation document t1321'

Identification of stakeholders and frequent collaboration with an onsite customer to avoid

disagreement and differencing of views on the variety of issues is a characteristic of agile

methods [130] t1311. In agile methods, requirements emerge iteratively over time [134]. This

iterative approach have many benefits like it makes the requirements clearer over time'

reinforces the relationships with customers and allows changes in requirements in less time and

cost [131].

Requirements prioritization is done on continues basis by customers mostly based on business

value [131] or based on risk t1301. The dynamic nature of agile facilitates the change

Y'
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managementprocess. The main changes are to add up and drop features [l3l]. Cross-functional

teams have members from different groups with similar goals. For example in agile designers,

developers, testers and managers sit and work together. Challenges like communication gaps and

over scoping of requirements can be overcome with this way of working [51]'

prototyping is used to review requirements and get feedback from customers. Prototyping is

started with requirements that are simple, completely understood and have high priority [135]' In

most agile methods like Xp testing before coding approach is followed where test specifications

are written before writing the actual code. This approach encourages early feedback in case a test

fails.

Automated test-driven development is another emerging trend in this field that combines

practices from both traditional and agile RE tl36l. Requirements modeling is performed in agile

but in a different way as compared to requirements modeling in traditional software development

methods. One approach used for requirements modeling in agile methods is goal-sketching

tl2S]. In goal sketching goal are refined for each iteration. This technique empowers the decision

making in the negotiation process ll37l.

Requirements management is performed by maintaining the product backlog items and index

cards [131] t134]. Developed requirements and remaining product backlog items are constantly

reviewed in review meetings and through acceptance tests t1331. The acceptance tests are like

unit tests that may result in 'opass" or'ofail" for a user story. These acceptance tests increase the

collaboration between development team, domain experts, and customers and reduce the severity

of defects tl28]. The requirements analysis is performed by pairs that encourage the stakeholders

to perform multiple roles as well [139]. Pairing practice for requirements analysis is one of the

ways that closes communication gaps in agile teams I1281. Retrospective meetings are held after

the completion of each iteration.

The new requirements are incorporated in the form of changes in deliverables by customers

tl40l. Instead of a static plan the agile teams do continues planning which helps in changing

requirements even in later stages of the project Il4l]'

Extreme Requirements Engineering (XRE)

5B



L
.!

Requirements Engineering Challenges in Agile: Minimal documentation is a challenge posed by

agile methods [131] tl34l. lnstead of doing conventional requirements documentation agile

teams do to-the-point, precise user story oriented documentation [133]. o'In some cases

especially in large projects where all team members are not co-located verbal communication is

insufficient without proper documentation" [28]. To overcome this challenge, mostly user

stories are complemented with more detailed artifacts [130] which helps in making right

implementation choices in the coding stage.

Customer availability and access is another challenge for agile methods [134]. The customer

unavailability is mostly because of certain factors like time, cost, and workload of customer

representative [142]. This challenge is mostly overcome by having an on-site proxy customer

[130] or moving a developer representative to the customer's site ll42).

Budget and schedule planning is another challenge posed by agile methods. Upfront estimation

is not possible when there are volatile requirements and planning t1341. "The cost is usually

calculated based on user stories and new user stories may be included or some may be discarded

in forthcoming iterations" [131].

The inappropriate architecture is another challenge where the architecture finalized by teams in

early stage become inappropriate in later stages t134]. Another challenge which can cause

massive rework is neglecting non-functional requirements [143]. The agile methods are flexible

and allow change, but it can create troubles incorporating this much change and evaluating the

consequences of change [ 1 28].

5.4. Designing the Solution

The high value RE practices which we have identified through survey are have direct contact

with customers to avoid unclear requirements, identiff and consult system stakeholders, have a

standard document structure, use diagrams appropriately, prioritize requirements and uniquely

identify each requirement. Hence, the primary focus of the solution is on three areas of RE

stakeholder's collaboration, requirements specifications, and requirements management.

Customer collaboration is one of the main feature and success factors of the agile projects [109-

1 l4l.
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Each agile team has an on-site customer representative who is chosen by the stakeholders to

make decisions on their behalf. In SCRUM, this representative is called the product owner (P.O).

He is usually responsible for prioritizing the requirements, accepting or rejecting the results and

optimizing the value of the product in both XP and SCRUM projects. As most of the RE

activities like requirements prioritization, requirements specification activities like enforcing the

role to implement standard document structure are actually performed by the customer

representativelP.O in agile projects. Hence, our solution revolves around the role of the customer

representative/P.O. To acquire deep knowledge of the standard responsibilities of the P.O we

studied the work by inventive authors of SCRUM and XP. We developed the list of

responsibilities of p.O and then we mapped the six high value RE practices onto these

responsibilities. Following paragraphs provide detail of these two steps.

5.4.1 Standard Responsibilities of Customer Representative/ P.o

Responsibilities of p.O in SCRUM: According to Jeff Sutherland and Ken Schwaber "The

product Owner is responsible for taking all the inputs into what the product should be from the

customer or end-user of the product, as well as from Team Members and stakeholders and

translating them into a product vision" tl 15]. Following are the main responsibilities of the P'O,

. The p.O defines the features of the product and decides on release date and content

o The P.O is responsible for the profitability/Rol of the product

o He prioritizes the product features/requirements according to the business value

o Can change the priorities of the items every thirty days

o He is responsible for accepting or rejecting the results

Jeff and Ken provided the following list of P.O responsibilities w.r.t different events in "The

SCRUM papers', [115] in 2009 and "The SCRUM guide" [116] in 20ll.In sprint planning

meeting, the product owner reviews the product backlog and discusses the goal and context of

the items with the scrum team. During the sprint he is mostly responsible for the break down the

bigger items in smaller ones, clarify items and verify the tradeoffs. He attends the daily standup

meeting. tn the sprint review meeting the completed code is demonstrated to the P.O he accepts

or reject it. And the remaining items on the product backlog are reprioritized again. Throughout

the project, he is responsible for communication with stakeholders and manage their needs'

\
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Responsibilities of customer representative in XP: According to Beck [117] following are the

main responsibilities of customer representative in XP'

o He decides the scope and timing of the release

o Customers write the functional tests for the stories

o Collaborate with stakeholders, sits with team full time

o He picks the next release stories and next iteration stories

5.4,2. Mapping the RE practices into customer representative/ P'0 responsibilities

In this section firstly we combined the responsibilities of customer representative in XP and P'o

in SCRUM, simplified them and then mapped the six valuable RE practices onto these

responsibilities. Figure 14 shows this mapping'

RE3: identiff and consult system stakeholders is mapped on two responsibilities Rl: collaborate

with customers and stakeholders and R2: sits with the team on the daily basis. As both of these

responsibilities include collaboration with stakeholders which are the development team and

other stakeholders like other customers, users, suppliers, and testers etc'

The practice DR6: have direct contact with customers is also mapped onto two responsibilities

these are Rl: collaborate with customers and stakeholders and R 3.3: Ensuring that the

development team understands the product backlog items to the level needed. Both of these

responsibilities R1 and R3.3 are enforcing the communication between the customer and the

development team so that the customer (customer representative) can clariff the requirements or

backlog items so that the team can accurately implement them.

RMI: uniquely identify each requirement is mapped onto responsibility R3.1: clearly expressing

the product backlog items. Clearly expressing backlog items include giving each backlog

item/requirement a unique identifier to avoid ambiguity among different requirements and avoid

traceability problems. Practice RA5: prioritize requirements is mapped to the responsibility R3'2:

ordering the product backlog items.

The RE practices RDl: have a standard document structure and DR3: use diagram appropriately

are mapped into responsibility R6: responsible for accepting or rejecting the results. As this is the
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time when the product owner can accept or reject the results after ensuring that the standards of

the organization are properly followed.

Figure l4: Mapping the RE practices into customer representative/P.O responsibilities
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5.4.3. Discussions with RE Experts

Having direct contact with the customer is one of the valuable RE practices. Most of the RE

activities like requirements prioritization conducted continuously requires customer's direct

involvement. The study on critical success factors in agile projects [28] identified customer

interaction factor affecting the project scope. However, customer availability and access are also

challenging in agile methods. The results of the study done by Rajesh et. al. [4] show that most

of the agile teams do not have direct access to customers. In agile, the challenge of the

unavailable customer is mostly overcome by having a proxy customer representative [10], [30]'

,,The on-site customer's role is indeed demanding, requiring a strong ability to resolve issues

rapidly,, [27]. This indirect link between the customer and the team has a negative impact on the

required intense communication [4]. This indirect communication may cause the risk of

decreasing clarity on requirements that in turns may cause more requirements change and need

of having detailed specification of requirements [29]. Therefore, it is important to know, what

are the issues in using the proxy customer representative instead of real from RE perspective?

To further understand the role of customer representative/P.O in practice we conducted

discussions with RE practitioners through Linkedln groups ooAgile"

(https://www.linkedin.com/grpftrome?gid:81780) and "Lean Agile Software Development

Community', (https://www.linkedin.com/grp/trom e?gid:1024087). These are two most popular

groups of agile practitioners. The experienced practitioners involved in agile development

participated in the discussions. In "Lean Agile" l2 members participated in our discussion. The

roles of these members include Sr. Technical Director, Agile Product Owner & Business analyst,

and Scrum coach/master. [n "Agile" l1 members participated in the discussion. The roles of

these members include Scrum agile expert, Certified Scrum Trainer and Agile Coaches. The

focus of discussions was on the role of proxy customer representative in the agile development

process in real world setting. We asked, 'oWhat is the impact of having a proxy customer

representative/pO?,, A total of 23 professionats participated in the discussion. All of the

participants except one pointed out different issues. To analyze the discussion transcript, we

applied the four-stage qualitative data analysis process outlined by [31].

-\|
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RE3 (Identify aod consult system stakeholders), RA5 (Priorities requirements) and RMI
(uniquely identifr each requirement) are commonly cited high value (>:50yo) practices in both

studies. RAI (Define system boundaries), DRI (Define standard templates for describing

requirements) and RVI (Check that the requirements document meets your standards) are

commonly cited high value practices in GSD study. RDI (Define a standard document structure)

and DR3 (Use diagrams appropriately) are cited high value practices in the current

study.

RE Cetegory hrctice Comprrism of Studkx

Total
High
value
ftesuensv

GSD
Study
N=56

Current
Study
N=54

Chi-aqurcTat
(Irar-by-Linear
Asocldlon)
c =.115 df = I

P
Documentation RDI Define a

standard document
strucfure

52 24 28 .907 .341

Elicitation RE3[dentifr and
consult system
stakeholders

73 36 37 .014 .90s

Analysis &
Negotiation

RAI Define system
boundaries

54 29 25 .510 .475

RA SPrioritise
requircments

6t 30 3t .000 .922

Description DRI Define
standard templates
for describing
reouircments

53 28 25 1.669 .196

DR3 Use diagrams
anrorrroriefr'lv

53 25 28 1.372 .241

Validation RVl Check that the
rcquirernents
document meets
your standards

47 28 l9 1.739 .187

Managemerrt RMl Uniquely
identiff each
rcquirement

6l 28 33 .658 .417

Table 4.14. Comparisonwith GSD study through statistical analysis

Table 4.14 shows no significant difference was observed in practices identified by practitioners

of GSD and the cunent study. As the value of p is highe. than .05 in case of all practices.
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5. Extreme Requirements Engineering (XRE)

In the previous chapter, we reported the results of our survey. The aim of the survey was to

assess the perceived value of RE practices. The survey revealed six RE practices that were

perceived as having high values according to the RE professionals worldwide. These practices

are related to stakeholder's consultation, requirements specification, and requirements

management. These three areas are thus the main focus of the solution. [nstead of re-inventing

the wheel we have complemented the existing most common agile software development

methods SCRUM and Extreme programming (XP) with guidelines for agile roles to ensure the

extreme use of these six high value practices.

The XRE was designed in two stages. In the first stage, we reviewed the existing methods of

Scrum and XP. We looked at the work done by the inventive authors of SCRUM and XP as well

as held discussions with practitioners to know the current state of the art through Linkedln

groups. Appendix I shows details of these discussions. We also reviewed the existing literature to

know how RE practices are handled in agile.

In the second stage, we developed the guidelines for the roles that they have to implement in

different stages of these methods to ensure the proper use of six high value RE practices. In the

following paragraphs, we will firstly introduce the SCRUM and XP.

5.1. SCRUM

SCRUM is one of the most widely adopted agile method today [06]. SCRUM adopt an iterative

and incremental approach to improving predictability and reduce the risk. [n scrum the

development is done in sprint that last from l-4 weeks. At the beginning of each sprint, the team

selects requirements from a prioritized list to be implemented in coming sprint. At each day of

work the team gathers and reports on their work. At the end of the sprint, the team presents their

work which is in the form of workable product increment. Three pillars of SCRUM are

transparency, inspection and adoption I 16]. Transparency means the process must be visible to

those who are responsible for the outcomes. Inspection means that the stakeholders must be

involved and inspect the process. And the adoption means that if something is going wrong and

it seems that the resulting product will be unacceptable because of it then it should be removed.

t
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SCRUM have two main artifacts product backlog and sprint backlog. The product backlog

contains requirements of the product which are refined regularly and time to time new

requirements are added. At the beginning of each sprint, some requirements from the product

backlog are transferred to the sprint backlog that will be implemented in the sprint.

5.1.1 SCRUM Roles

The SCRUM team have three primary roles these are the product owner, scrum master, and the

development team. The customer representative or product owner is responsible for defining the

product's features, ordering them, reviewing them and accepting or rejecting the results [108].

The scrum master acts as the leader of the team and makes sure that the process is applied

properly. The development team is responsible for the development of the working product.

5.1.2. SCRUM Events

The SCRUM itself is a container of the formal events that are performed in it. The SCRUM

consists of sprint planning, daily stand-up meetings, development work, sprint review and the

sprint retrospective. Figure 12. Shows the SCRUM events.

The sprint planning meeting is conducted to decide what goal will be achieved in this sprint and

what work will be needed to perform to achieve this goal. The items are selected from the

product backlog and sprint backlog is prepared. Development team, product owner, and scrum

master usually participate in this meeting. Other willing stakeholders can also be invited.

The next event is daily standup meetings. The daily meetings are of 15 minutes usually and the

teams synchronize their work in these meetings and plans the work that they will do in next 24

hours. The product owner, scrum master and the development team participates in it. But usually

only the development teams speaks about their work. The sprint review meeting is performed at

the end of each sprint to review the outcomes of the sprint and discuss the work done in the

sprint. The product owner accepts or rejects the results of the sprint. The sprint retrospective

meeting is conducted by SCRUM team to inspect itself and plan for improvements.
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Figure 123: The Scrum events

(From Agile, 20 I 5, h@://www.eceltic.ielour-worVagile/)

5.2. Extreme Programming (XP)

The extreme programming is a light weighted agile methodology as well as framework. It is an

incremental and iterative process. XP consists of smaller iterations called releases. Each release

in XP consists of couple of iterations and each iteration is at most three weeks [109]. The

strength of XP process lies in its rules and practices. XP standard practices are collective code

ownership, programming in pairs, continues integration, coding standards, on-site customer,

simple design, refactoring, test driven development planning game, system metaphor,

sustainable pace and small releases.

5.2.1. XP Roles

XP have six primary roles. Customer representative, programmers, coach, tracker, testers, and

consultant. Customer representative is an onsite customer, who is responsible for refining the

user stories and driving functional tests etc. programmer is responsible for writing the code. The
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coach and the tracker are responsible for the management of the project. The coach is responsible

for technical managing the project while tracker tracks the systems success. The tester helps to

choose the functional tests and run them. The consultant is hired to provide the knowledge of the

process to team.

5.2.2.XP Events

Piannins CafiE

Figure 1: XP simpliJied process sfi"ucture

(From eXtreme Programming an Overview, Dudziak,2000, p.8)

Figure 13 shows the simplified XP process. The planning game consists of three stages

exploration, release planning, and steering. In the exploration phase, user provides the user

stories and the development team estimates the effort required to complete each user story. [f the

stories are too big then they are broken down into smaller stories and if they are too small they

are combined with other stories. This phase takes from a couple of weeks to few months. Next is

the planning phase where the commitment schedule meeting is conducted to determine the

commitment schedule. Commitment schedule is the set of stories along with their estimates that

are to be implemented in the current release [109]. After planning phase, the steering phase

!r
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comes. Steering mean starting the actual process by little moves. These moves include the

iterations, recovery from wrong estimates, from wrong release date and adding new stories.

The iterations also consist of three phase's exploration, planning, and steering. [n the exploration

the customers select the stories from commitment schedule to be implemented in current

iteration. And the developers break these stories into smaller tasks. In the planning phase for

each task, a developer accepts the responsibility and estimates the ideal engineering time to

complete the stories. In the steering phase, the actual coding is done and the fictional tests are

run to check whether the completed stories work or not. Daily standup meeting is also conducted

on the regular basis. At the end of each iteration, the functional test cases associated with stories

are reviewed with the customers if they fail they are included in next iteration.

5.3. How RE Practices are handled in Agile and what are the Challenges Posed by Agile on

RE

To answer this question we took help from a recent literature review [l28] on RE practices and

challenges in agile.

Requirements Engineering Practices in Agile: Minimal requirements documentation and more

face-to-face communication is one aspect of agile software development [129]. Documentation is

done in the form of user stories to avoid long and complex requirements documents. User stories

enhance communication among stakeholders [30] and shift the focus from documentation to

communication [133]. User stories eliminate the need of continues updating of requirements

specifi cation documen t U321.

Identification of stakeholders and frequent collaboration with an onsite customer to avoid

disagreement and differencing of views on the variety of issues is a characteristic of agile

methods t1301 t1311. In agile methods, requirements emerge iteratively over time [13a]. This

iterative approach have many benefits like it makes the requirements clearer over time,

reinforces the relationships with customers and allows changes in requirements in less time and

cost [131].

Requirements prioritization

value [31] or based on

is done on continues basis by customers mostly based on business

risk [130]. The dynamic nature of agile facilitates the change

?'
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management process. The main changes are to add up and drop features [31]. Cross-functional

teams have members from different groups with similar goals. For example in agile designers,

developers, testers and managers sit and work together. Challenges like communication gaps and

over scoping of requirements can be overcome with this way of working [51].

Prototyping is used to review requirements and get feedback from customers. Prototyping is

started with requirements that are simple, completely understood and have high priority [135]. In

most agile methods like XP testing before coding approach is followed where test specifications

are written before writing the actual code. This approach encourages early feedback in case a test

fails.

Automated test-driven development is another emerging trend in this field that combines

practices from both traditional and agile RE t1361. Requirements modeling is performed in agile

but in a different way as compared to requirements modeling in traditional software development

methods. One approach used for requirements modeling in agile methods is goal-sketching

tl2Sl. tn goal sketching goal are refined for each iteration. This technique empowers the decision

making in the negotiation process [1371.

Requirements management is performed by maintaining the product backlog items and index

cards [131] tl34l. Developed requirements and remaining product backlog items are constantly

reviewed in review meetings and through acceptance tests U33]. The acceptance tests are like

unit tests that may result in "pass" or o'fail" for a user story. These acceptance tests increase the

collaboration between development team, domain experts, and customers and reduce the severity

of defects tl2S]. The requirements analysis is performed by pairs that encourage the stakeholders

to perform multiple roles as well [139]. Pairing practice for requirements analysis is one of the

ways that closes communication gaps in agile teams tl28]. Retrospective meetings are held after

the completion of each iteration.

The new requirements are incorporated in the form of changes in deliverables by customers

t1401. Instead of a static plan the agile teams do continues planning which helps in changing

requirements even in later stages of the project U41].

t
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Requirements Engineering Challenges in Agile: Minimal documentation is a challenge posed by

agile methods [31] 11341. Instead of doing conventional requirements documentation agile

teams do to-the-point, precise user story oriented documentation [133]. "[n some cases

especially in large projects where all team members are not co-located verbal communication is

insufficient without proper documentation" [128]. To overcome this challenge, mostly user

stories are complemented with more detailed artifacts [30] which helps in making right

implementation choices in the coding stage.

Customer availability and access is another challenge for agile methods [134]. The customer

unavailability is mostly because of certain factors like time, cost, and workload of customer

representative ll42l. This challenge is mostly overcome by having an on-site proxy customer

u30l or moving a developer representative to the customer's site 11421.

Budget and schedule planning is another challenge posed by agile methods. Upfront estimation

is not possible when there are volatile requirements and planning [134]. "The cost is usually

calculated based on user stories and new user stories may be included or some may be discarded

in forthcoming iterations" [13l].

The inappropriate architecture is another challenge where the architecture finalized by teams in

early stage become inappropriate in later stages t134]. Another challenge which can cause

massive rework is neglecting non-functional requirements [43]. The agile methods are flexible

and allow change, but it can create troubles incorporating this much change and evaluating the

consequences of change [128].

5.4. Designing the Solution

The high value RE practices which we have identified through survey are have direct contact

with customers to avoid unclear requirements, identiff and consult system stakeholders, have a

standard document structure, use diagrams appropriately, prioritize requirements and uniquely

identify each requirement. Hence, the primary focus of the solution is on three areas of RE

stakeholder's collaboration, requirements specifications, and requirements management.

Customer collaboration is one of the main feature and success factors of the agile projects [109-

I 141.
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Each agile team has an on-site customer representative who is chosen by the stakeholders to

make decisions on their behalf. In SCRUM, this representative is called the product owner (P.O).

He is usually responsible for prioritizing the requirements, accepting or rejecting the results and

optimizing the value of the product in both XP and SCRUM projects. As most of the RE

activities like requirements prioritization, requirements specification activities like enforcing the

role to implement standard document structure are actually performed by the customer

representative/P.O in agile projects. Hence, our solution revolves around the role of the customer

representative/P.O. To acquire deep knowledge of the standard responsibilities of the P.O we

studied the work by inventive authors of SCRUM and XP. We developed the list of

responsibilities of P.O and then we mapped the six high value RE practices onto these

responsibilities. Following paragraphs provide detail of these two steps.

5.4.1 Standard Responsibilities of Customer Representative/ P.O

Responsibilities of P.O in SCRUM: According to Jeff Sutherland and Ken Schwaber "The

Product Owner is responsible for taking all the inputs into what the product should be from the

customer or end-user of the product, as well as from Team Members and stakeholders and

translating them into a product vision" t115]. Following are the main responsibilities of the P.O,

o The P.O defines the features of the product and decides on release date and content

o The P.O is responsible for the profitability/ROl of the product

o He prioritizes the product features/requirements according to the business value

o Can change the priorities of the items every thirty days

o He is responsible for accepting or rejecting the results

Jeff and Ken provided the following list of P.O responsibilities w.r.t different events in "The

SCRUM papers" [115] in 2009 and "The SCRUM guide" [116] in 2011. In sprint planning

meeting, the product owner reviews the product backlog and discusses the goal and context of

the items with the scrum team. During the sprint he is mostly responsible for the break down the

bigger items in smaller ones, clarify items and verify the tradeoffs. He attends the daily standup

meeting. In the sprint review meeting the completed code is demonstrated to the P.O he accepts

or reject it. And the remaining items on the product backlog are reprioritized again Throughout

the project, he is responsible for communication with stakeholders and manage their needs.

\
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Responsibilities of customer representative in XP: According to Beck [117] following are the

main responsibilities of customer representative in XP.

o He decides the scope and timing of the release

o Customers write the functional tests for the stories

o Collaborate with stakeholders, sits with team full time

o He picks the next release stories and next iteration stories

5.4.2. Mapping the RE practices into customer representative/ P.O responsibilities

In this section firstly we combined the responsibilities of customer representative in XP and P.O

in SCRUM, simplified them and then mapped the six valuable RE practices onto these

responsibilities. Figure l4 shows this mapping.

RE3: identiff and consult system stakeholders is mapped on two responsibilities Rl: collaborate

with customers and stakeholders and R2: sits with the team on the daily basis. As both of these

responsibilities include collaboration with stakeholders which are the development team and

other stakeholders like other customers, users' suppliers, and testers etc.

The practice DR6: have direct contact with customers is also mapped onto two responsibilities

these are Rl: collaborate with customers and stakeholders and R 3.3: Ensuring that the

development team understands the product backlog items to the level needed. Both of these

responsibilities Rl and R3.3 are enforcing the communication between the customer and the

development team so that the customer (customer representative) can clariff the requirements or

backlog items so that the team can accurately implement them'

RMl: uniquely identify each requirement is mapped onto responsibility R3.l: clearly expressing

the product backlog items. Clearly expressing backlog items include giving each backlog

item/requirement a unique identifier to avoid ambiguity among different requirements and avoid

traceability problems. practice RA5: prioritize requirements is mapped to the responsibility R3.2:

ordering the product backlog items.

The RE practices RDl: have a standard document structure and DR3: use diagram appropriately

are mapped into responsibility R6: responsible for accepting or rejecting the results. As this is the

\
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time when the product owner can accept or reject the results after ensuring that the standards of

the organization are properly followed.

Figure l4: Mapping the RE practices into customer representative/P.O responsibilities
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5.4.3. Discussions with RE Experts

Having direct contact with the customer is one of the valuable RE practices. Most of the RE

activities like requirements prioritization conducted continuously requires customer's direct

involvement. The study on critical success factors in agile projects [28] identified customer

interaction factor affecting the project scope. However, customer availability and access are also

challenging in agile methods. The results of the study done by Rajesh et. al. [4] show that most

of the agile teams do not have direct access to customers. In agile, the challenge of the

unavailable customer is mostly overcome by having a proxy customer representative [10], [30].

"The on-site customer's role is indeed demanding, requiring a strong ability to resolve issues

rapidly" [27]. This indirect link between the customer and the team has a negative impact on the

required intense communication [4]. This indirect communication may cause the risk of

decreasing clarity on requirements that in turns may cause more requirements change and need

of having detailed specification of requirements [29]. Therefore, it is important to know, what

are the issues in using the proxy customer representative instead of real from RE perspective?

To further understand the role of customer representative/P.O in practice we conducted

discussions with RE practitioners through Linkedln groups "Agile"

(https://www.linkedin.comlgrp/home?gid:81780) and "Lean Agile Software Development

Community" (https://www.linkedin.com/grp/trome?gid:1024087). These are two most popular

groups of agile practitioners. The experienced practitioners involved in agile development

participated in the discussions. In "Lean Agile" 12 members participated in our discussion. The

roles of these members include Sr. Technical Director, Agile Product Owner & Business analyst,

and Scrum coach/master. [n "Agile" l1 members participated in the discussion. The roles of

these members include Scrum agile expert, Certified Scrum Trainer and Agile Coaches. The

focus of discussions was on the role of proxy customer representative in the agile development

process in real world setting. We asked, "What is the impact of having a proxy customer

representative/PO?" A total of 23 professionals participated in the discussion. All of the

participants except one pointed out different issues. To analyze the discussion transcript, we

apptied the four-stage qualitative data analysis process outlined by [31].

E
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Stage 1: Collect and Analyze Discussion Data

We carefully inspected each post in the discussion for its research relevance before being

including it in the analYsis.

Stage 2z Cilegot'u* Data (Coding)

We used coding to identify the concept categories/themes. Coding reduces or groups text into

manageable chunks or concept categories. A theme represents the underlying knowledge

embedded in the text. For example, we analyzed the statements from discussion and identified

that the text (in the transcript of discussion) "How good does your proxy know the business?"

and..proxy product Owner should be a subject matter expert" belong to same concept category

,.understanding of the business". Table 2 shows the categories and reference number of

professionals mentioning it in their responses.

Themes Expert Ref# Frequency

Frequent Interaction with customers

and stakeholders

5,8, l4 15, 16, 17, 18, 19,

20,21,22,23
l2

Understanding of the brsiness 2. 3, 5, 6, 8, 9, 12, 13, 17, 21 10

Independent decisions 5, 9, I0, ll, t2, 13, 14,21 8

Stakeholders representation 5, 3, I l, 17 , 18,21 6

Situation Dependent 7,15, 19 J

Business analyst as proxy works well I I

P.O should not be too technical 2 I

Amount oftime dedicated bY ProxY J I

Losing quality of communication 4

Toble 5.7 Themes identified from discussions with RE experts

We were able to identifr four major themes (Table 5.1 - light pink rows) after the analysis of the

discussion transcript. These themes axe frequent interaction with customers and stakeholders,

understanding of the business, independent decisions, and stakeholders' representation. The

participants mostly pointed out the frequent interaction of P.O./C.R. with customers and

stakeholders a pre-requisite for success. They were of the opinion that failure to do this will
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result in rack understanding about business and business value,to deliver which was echoed in

the responses such as

"How do You maximize

stakpholders? " Certifi ed

thevaluecreatedbyadevelopmenttegmwithoutinvolvingallofthe

Scrum Trainer and Coach'

,,Alignmentneedstobeensuredthough,asthePousuallyisnotthe

(buying)customer.Sothereisariskofmisalignmentwhichneedstobe

managedalsobygettingfrequentfeedbackfromreal(buying)customersor

endusersthatneedtheproduct*toprovidexvaluethroughusable

func ti onal ifl " Enterprise A giie Coach'

The second most referred theme by the participants was understanding the business for which

software is being deveroped. They viewed the lack of understanding createb a negaiive impact on

the project.

,,ThePocannegativelyimpacttheprojectifheorshedoesnotlotowenough

about the solution/project" Sr' Agile Practitioner'

one of the responsibility of a p.o. prioritization of product backlog items. This activity requires

the knowledge of business value as agile deveiopment focuses on value driven development and

deliverY.

Thethirdthemepointedoutbytheparticipantswasindependentdecisions.Theywereofthe

viewthatthesuccessofproxyP.o.is-dependentonthe.authgr|tys/hehasinmakingdecisions.

This was echoed in a comment made by a P.O. of a large company highlighting the link between

understanding business and indetri'endent decision making' 
ii

.,Watyouneedin,aproductowner,issotheonewhoknowsaboutthe

businessenoughthottheycanmakeindependentdecisionswithouthavingto

havemeetingswithmultiplestakeholderseverytime.,,Productowner(ata

large comPanY)

The last of the four themes is stakeholder representation. The participants were of the view that

proxy P.O. must be a true representative of the customers'
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one minor theme (in responses of three professionars) is"This depends on the situation"' Three

of issues were raised by three individuals and thus were not included for themes. These are

,,proxy should not be too technical as technical people tend to ignore business", "Proxy must

spend most of his/her time full filling this role", and o'Having proxy will result in loss of quality

communication".

Stage 3: Apply Thematic Network Analysis

we selected four frequently mentioned concept categories after organizing the data into concept

categories. We applied the thematic network analysis to each concept category to explore the

relationshiP (Figure I 5)'

.la:..-:. ,l\"'
l":

" Understanding 
\

rjYT-"'
Figtu"e 55: Thenntic J'/etwork

Stage 4: Interpret the Thematic Network Analysis

Finally,weinterpretedthethematicnetworktoidentifykeypoints'weidentifiedtwocritical

pointsifanorganizationdecidesforaproxyPO/CR.FirstlyPO/CRhastobeatrue

representative that can be visibre by the number of independent decisions taken by her/him.

Secondly, a true representation of customer requires a good understanding of customer's

business and frequent interaction with real customer and stakeholders. These dependencies can

be summarized with a help of the comment made by a participant'

,,Myexperienceisthataslongastheproxyunderstandstheproblemand

business domain, worlcs with the tegm and is empowered to make decisions,

then the value of having a proxy far outweighs the impact of delays to
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developmentwhenwearewaitingforresponsesfromourseldomavailable

PO." DeliverY Lead'

5.4.4. Presenting Guidelines and Implementation Details

The agile practitioners, as discussed in the last section' do not view the use of a proxy as a

problem as long as proxy representing customer clearly understand problem and business domain

and can make independent decisions. All of this, requires a frequent interaction of proxy with

real customers and stakeholders. Figure 16 shows the six guideline that we have developed for

customer representatives/product owners' It also shows the Scrum and XP events where these

guidelines will be implemented. In following paragraphs' we will give details of each guideline'

A. Guideline 1 (Including fourth question in daily SCRUM)

The daily scrum and Xp meeting is an event where the activities of development teams are

synchronized and a prane for next 24 hour is made. customer representative/p.o also attends this

meeting. In Usual Scrum and XP daily standup meeting the development team answers three

questions,

l.Whatdidldoyesterdaytohelptheteammeetthesprint/iterationgoal?

2.Watwillldotodaytohelptheteammeetthesprint/iterationgoal?

3. Do I see any impediment that prevents me or the Development Team from meeting the

sPrint/iteration Go al?

we have proposed a fourth question for the daily SCRUM or XP meetings' This will be

answered by the customer representative (real or proxy)'

4.Didyoucommunicotewithanystakeholderyesterday,whatwasthefocusof
communication?

The main aim of introducing this question is to ensure stakeholders consultation at the extreme

level or on the daily basis. The thematic analysis done in the last section shows that this frequent

interaction is required. The customer representative/p.o is responsible for coflecting the thoughts

andideasofotherstakeholdersandsharingthemwiththedevelopmentteam.Thefocusof

communication can be on specific point like project timeline' cost' requirements etc'

*
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Guideline: I Guideline:2
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Addition of question: Did

you communicated with

any stakeholder YesterdaY,

what was the focus of
communication?

Have a focus grouP session

with key stakeholders before

sprint ptanning meeting to

discuss business value and

prioritization of backlog

items.

Check that all

documentation is according

to according to agreed

standards/temPlates.

Guideline:3 Guideline:4

Build consensus to

ensure that the

documents

standards/temPlates

are acceptable to all

key stakeholders'

Guideline:5

Check that all the diagrams

used are facilitating the

communication and

understanding among team

members.

Guideline:6

Ensure that each

requirement selected

from product backlog

for a sprint backlog has

a unique id.
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Figttre 66: Guicletirles fbr customer represenlative/ P'o

When ensuring the stakeholder's agreement on work done by development team on the daily

basis, we can increase the probability of success of the sprint/iteration. According to Schwaber et

al [116] the daily scrum meetings promote quick decision making and improve knowledge of the

development teams. This guideline further increases these two reimbursements given by daily

meetings. As the daily standup meetings are short in duration usually 15 minutes so the answer

to this question should be very brief.

>
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The customer representative/P.O will wait until the development team is done with answeiing

their questions and do not inlerfere in their discussion, in the end he will answer his question'

This rule is followed because the inventors of SCRUM'UiU suggest that no one should ask'any

question or open any discussion wh,e the deveropment ieam is reporting tlieir work'until the

meeting concludes. It is not necessary to meet the stakeholders directly the p.o cari use any

communication medium. It is no. necessary to mention the communication medium whiie

answering the question'

B. Guideline 2 (Have a meeting/focus group'with key stakeholders before the sprint

planning)

The customer representative/p.o shourd conduct a meeting with a, interesting stakeholders and

discuss the priorities of the.product backlog items and understhnd business value. This should be

donethroughafocusgroupsessionasitwillhelpinresolvingtheconflictsifany.InSCRUM

sprint planning meeting or XP iteration kickoff meeting it sh:uld, be' assured that this

prioritizationmeetingwas'conductedbythecustomerrepresenlative/P.o.,

The primary purpose of this meeting is to understand the business value and prioritize accurately

the backlog items with the involvement of key stakeholders in the prioritization process' with

the stakeholders close cooperation we can maintain a clear and prioritized list of demand on the

product backlog [118].. The most important rbsponsibility of P'o is to manage needs and

expectations of different stakeholders [1 19]'

on-site customer is one of the primary rules and strengths of agile. But some XP and SCRUM

projectstudies||20.|22]reported,thattheyarenotactuallyabletoimplementthispractice

because of problems of customer unavailability and lack of knowledge. In such situations, the

practice of on-site customer is implemented by having a knowledgeable engineer or manager

play the role of customer who is called a'proxy customer' The proxy customer usually does not

clearly know the opinion of actuar customers and other stakeholders as compared to an actual

customer representativl. 
"so it is necessary for him to discuss different features with them before

making an important business decision. we recommend the use of focus group session to

conduct this stakeholders, meeting as it is niost appropriate and an easy way to facilitate focused

communication among groups of stakeholders [127]'

bxtreme Re quirements Engineering (XRE)

69



.>

c. Guideline 3: (Build consensus to ensure that the documents standards/templates are

acceptable to all key stakeholders)

In agile requirements are documented in the form of user stories. Development teams are often

uncertain about what information should be incruded in the user stories and in what detail [157]'

Useful templates are available from many sources that can be used as standards' It is the

responsibility of the product owner to develop a contract over the documentation standard that is

accepted by all key stakeholders. "Developing a contract for each user story provides a

streamlined mechanism for managers, developers' and testers to agree on details of the story"

tl58].Thesestandardscanbeusedlaterasacceptancecriteriaforuserstories.

D. Guideline 4 (Check that all documentation is according to agreed standard)

Theagileteammustmakesurethatthedocumentconformstotheagreedstandarddocument

structure before accepting the any document including user stories. To check this the team can

useanymethodforexamplehecanusethestandard/templateasachecklistandcancheck

different sections one by one. The standard structure for documentation is very important'

According to Sommerville et al [5] by using a standard document structure we can get several

benefits such as the use of knowredge from a previous document that results in understanding the

relationships among different documents and parts'

E. Guideline 5 (Check the diagrams are used appropriately)

Theagileteamshouldkeepcheckingthatthediagramsareusedtofacilitatethedevelopment

process and are being used appropriately' In agile software development' different diagrams are

used at different levels. For example in Scrum projects progress is tracked and reported by using

the release burn down chart, iteration burn down charts and a task boards [123]' The UML

diagramscanbeusedtocommunicatethedesignwithintheteam.Theteammemberscan

understand the solution and contribute faster by looking at these diagrams. In Xp before coding

short designing sessions are recommended while in FDD (Feature Driven Development) at

beginning of each iteration design is executed using UML diagrams 11241' Similarly the agile

DBAs work with application deveropers and model their needs using UML diagrams e'g. class

diagramsU25l.Alldevelopersinagileshouldhavebasicunderstandingofindustrystandard

]
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diagrams especiauy uML diagrams. It is the responsibility of the customer representative/P'O to

keep checking time to time that these diagrams are used to facilitate the development, are in the

proper format and are simple enough that everyone can understand'

F. Guideline 6 (Check the every requirement has a unique id)

Failure of properly specifying requirements can lead to incorrect' unusable' unverifiable and

inconsistentrequirements.Traceabilityproblemsareoneofthemajorresultsofnotspecifying

the requirements properly. A clear and unambiguous product backlog contains the requirements

with each having a unique identity. .,uniqueness is very important for each requirement to make

references to other requirements and build traceability tables" [5]. "A consistent requirement is

neither contradictory with other requirements of nor it shourd describe the same concepts as any

other requirement,, lr26l.when the requirements are entered into the product backlog these are

givenauniqueidentifier.Atsprint/iterationplanningmeetingwhentherequirementsareselected

fromtheproductbacklogforthesprintbacklogtheP.oshouldre-checkthateachrequirement

has a unique id. Hence, if two requirements are given the same identifier by mistake' it will be

removed bY the P.O at this stage'

5.5. Expected Benefits of Extreme Requirements Engineering (xRE)

By the implementation of the guidelines provide in XRE agile software development processes

can get following benefits,

l. lt ensures the stakeholders involvement in the agile project and avoids the problems

that come from lack of customer collaboration'

2. It ensures the proper adoption of organizational standards/templates for specifications

ofdifferentdocumentsproducedduringthedevelopmentprocess'

3. It reduces traceability problems by ensuring the uniqueness of requirements'

4. It reduces the overall cost of software projects by reducing requirements related

Problems.
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6.1. Discussion and Conclusion

This chaPter Provides the

research questions'

sumr'rlary of the thesis and analysis the findings with respect to the

primarily the thesis was about identifying requirements engineering high value practices

perceived by RE practiiioners a, over the,world. Secondly designir.rg an RE approach based on

these high value practices for agile software development methods. we identified six high value

practices that are related to specification standards, consultatio'ir with stakeholders, prioritization

ofrequirements,useofdiagrams,andhavingdirectcontactwithcustomers.

This study presentbd.some interesting facts about RE varuable practices. one of these facts is

bigger use of agile"methodorogies and.the significant differences between agile and traditional

groups about the relative pliceived value of RE praitices. The practicel.rerated to direct

involvement of the customer in th6 deveroprherit process showed high trends. These two facts are

Quite normal and co-related to some extent, as agile representatives of software engineering XP

and Scrum support humari centered development approaches' The *:O:10*ts also gave high

importance to practices rerated to requiremdnts specifications. This faci is norihal as well' as

requirements specification is the prim'hry input to the design process it should be structured in a

ivay that is easily understandable by the development team'

The software products of today withstand the pressures of rdpid market dhange, fast evolution of

existing technologies and the emergence of new technolrJgies, and process change' with all these

pressures the requirements management is becoming more complex' therefore increasingly

cha*enging day-by-day. Hence, the software development organizations give high importance to

requirements managemerit practices dnd try to perform them very carefully' The study also

revealed that there is no significant difference in responses of different groups of participants

based on their geogrbphical regions. This fact indicates that ghe identified high value RE

practices are we,_known and adopted worldwide. Therefore, the RE process/approaches based

on these practices can be generalized

We developed an RE approach XRE based on

approach elaborates how these RE practices'can

the identified six high value practices' This

be used all the time/ throughout the project to

73.-w'
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Documents Practice
Type ofAssessment

(n=s6) TD

Requirements Elicitetion
Practices

Type of Assessment
(n=s6)

H M L Z H M L Z

RDI Define a standard document
structure

28 l8 8 0 REI Assess System FeasibilitY 22 20 7 5

RD2 Explain how to use the

document

l8 l8 t2 6 RE2 Be sensitive to organisational
and political consideration

t7 25 4 8

RD3 Include a summary of the

reouirements

24 t7 8 5 RE3 Identi! and consult system
stakeholders

37 l0 6 I

RD4 Make a business case for the

svstem

2l t9 9 5 RE4 Record requirements sources 25 t6 7 6

RD5 Defi ne specialized terms 23 l6 ll 4 RE5 Define the system's oPerating

environment

17 22 t2 J

RD6 Make document laYout

readable

24 2t 8 RE6 Use business concems to drive

requirements elicitation
20 t8 l0 6

RD7 Help readers find information l8 23 t2 RE7 Look for domain constraints 20 l8 t3 J

RD8 Make the document easY to

chanse

20 2 9 2 RE8 Record requirements rationale t3 26 9 6

R"quit.-ent, analysis rnd negotiation pmctices RE9 Collect requirements from
multiple viewpoints

t6 25 1l 4

REIO Prototype poorlyunderstood
renrriremenLq

l9 l5 14 6
RAI Defi ne system boundaries 25 l8 x 3

RA2

RA3

Use checklists for
reouirements analvsis

l5 2l ll 7 REl I Use scenarios to elicit
reouirements

t4 t6 l8 6

Provide software to supPort

neqotiations

7 t4 t7 t6 REI2 Defi ne operational Processes t6 11 t2 4

REI 3 Reuse reouirements l3 t5 l5 ll

RA4 Plan for conflicts and conflicl
resolution

l0 z0 l3 u REI4 Facilitate requirement
engineering with domain
ontoloN

l3 t6 t2 l3

RA5 Prioritise requirements 3l 19 ) 2 REI5 Use different techniques for
requirement gathering like
interviews, document analYsis,

use cases, scenarios,
prototyping, brainstorming and

focus groups

26 l4 t0 4

RA6 Classifo requirements using a

multi-d imens ronal aPProach

l0 l6 t8 l0 Describing Requirements Prectices

RA7 Use interaction matrices to

find conflicts and overlaPs

t2 9 t2 2t DRI Oehne stindard temPlates for
describing requirements

25 t2 9 8

RA8 Assess requirements risks t7 20 t2 5 DR2 Use languages simPlY and

concisely

26 l6 8 4

RA9 Goals should be included in

requirements analYsis and

nesotiation activities

t9 l6 ll 8 DR3 Use diagrams aPProPriatelY 28 t'7 '1

2

RAIO IJse automatic tools in
requirements analYsis Process

ll l0 t4 t9 DR4 Supplement natural language

with other descriPtion of
reouirement

l8 r9 l0 '1

System Modelling Practices DR5 Speci$ requirements
orrantitativelv

20 l5 t3 6

DR6 Have direct contact with
customer to avoid unclear
ranrrirements

JI 13 3

SMI Develop complementary
system mode[s

H M L L

SM2 Model the system's
environment

9 l6

u
t7 t2 Requirements validation Practices

9 ll RVI Check that the requirements
document meets Your standards

19 20 I 7
SM3 Model the system architecture tU

SM4 Use structured methods for
svstem modelling

l6 l9 l0 9 RV2 Organise formal requirements
insnections

l5 l8 t4 '7

i
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SM5 Use a data dictionary t6 l5 15 8 RV3 Use multi-disciplinary teams to
review reouirements

23 u l0 l0

SM6 Document the links between

stakeholder requirements and
svstem models

l0 20 I ll RV4 Define validation checklists t'7 l6 t3 8

RV5 Use prototyping to animate
reouirements

1l l9 t2 t2

Requirements Management Practices RV6 Write a draft user manual 20 t7 t3 6

RMI Uniquely identif, each
reorrirement

33 l2 6 3 RV7 Propose requirements tesl cases 20 t4 15 5

RM2 Define policies for
reouirements management

l3 2l l0 l0 RV8 Paraphrase system models l1 l3 t4 t6

RM3 Defi ne traceability policies l! l8 l3 t2 Requirements Engineering for Criticrl Systems Practices

RM4 Maintain a traceability
manual

9 t7 t4 l4 CSI Create safety requirement
checklists

l8 l1 8 t1

RM5 Use a database to manage

requirements

t2 t3 9 20 C52 Involve extemal reviewers in

the validation process
15 t2 6 22

RM6 Define change management
nolicies

20 9 t4 ll cs3 Identi! and analyse hazards 2t 9 9 t5

RM7 Identif, global system

requirements

l1 l6 t4 7 C54 Derive safety requirements
from hazard analysis

18 l0 l0 t6

RM8 Identifu volatile requirements t4 17 l2 ll CS5 Cross-check operational and

functional requirements against

safew reouirement

22 5 10 t7

RM9 Record rqected requirements l6 l3 l2 cs6 Specify systems using a formal
specification

t7 l0 lt t6

RMlO Have a dedicated role for
requirements en gineering
activities

20 7 l3 l4 CS7 Collect incident exPerience t4 t2 t5 l3

CS8 kam from incident exPerience l8 ll l2 l3

cs9 Establish an organizational
safetv culture.

t'7 ll ll l5

Appendix B: RE Practices based on Practitioners' experience

ID

RD1

Junior (N=8) lntermediate(N=12) Senior(N=34)

H M L z H M L z H M L z
3 3 2 0 10 2 0 0 't5 13 6 0

2 4 2 0 5 4 3 0 11 10 7 6
RD2

RD3

RD4

RD5

4 3
,| 0 5 4 3 0 15 10 4 5

2 4 1 1 5 6 1 0 14 9 7 4

f)efi ne soecialized terms ?
2

3 3 0 6 3 1 2 15 10 7 2

5 1 0 5 6 1 0 17 10 6 1

RD6
2 3 3 0 3 7 2 0 13 13 7 ,|

RD7
2 4 2 0 4 5 2 1 14 14 5 1

RD8
2 4 2 0 7 5 0 0 13 '11 5 5

REI
RE2

RE3

RE4

Be seniitive to organisational and political consideration
ri^-.:4, ^-r ^^-^,,1+.,,.+ah "t^l,ahnlrlarc

2 4 1 1 3 8 0 1 12 13 3 6

4 3 1 0 I 3 0 0 24 4 5 1

3 3 1 1 8 4 0 0 14 I 6 5

3 3 2 0 2 t) 4 0 12 13 6 3
RE5

U* b*."at 
""*"*s 

to drive requirements elicitation 3 q
5

1 5 4 3 0 12 11 6 5
RE6

1 0 3 7 2 0 15 6 't0 3
RE7

RE8

RE9

REIO
RE' 

'RE'2
RE'3

1 6 0 1 2 I 1 10 12 8 4

Colleci requirements from multiple viewpoints

-^^-1,, "-,larcran^ ranrriramenfq

4 2 1
,| 5 6 0 't2 ,| 7 4

2 1 5 0 4 3 3 2 13 11 6 4

3 2 3 0 3 2 5 2 I 12 10 4

3 3 0 4 2 5 1 I 16 7 2

Reuse reouirements 3 3 0 2 2 3 4 3 8 I 1',! 6

REI4

RE'5

FFitate .equirement engi neeri n g with doma in

ontolosv
2

3 1 2 2 5 3 2 I 8 8 I

Ur" diffoe,,t te"hniques for requirement gathering like 2 3 0 3 5 4 0 20 7 3 4

V
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U

RAI

i"ter't *rs, document analysis, use cases, scenarios,

nrnrofvnins hrainstorminq and focus groups. 1

5 2 0 1 6 4 2 0 14 12 6 2

Fhecklists for requ irements analys is

Provide software to support rl9C9!9!9$--
Flan for conflicts and conflict resolutre4-

3 3 1 4 6 1 I 't2 I 5
RA2

2 2 3 1 1 4 4 3 4 8 10 12
RA3
RA4
RA5

2 3 2 1 2 5 4 1 6 12 7 9

5 2 1 0 I 4 0 0 18 13 1 2

Ct"fisEqure.e"tt .rting a multi-dimensional 3
1 2 2 3 5 2 2 4 10 14 6RA6

3 3 0 2 4 1 6 5 5 11 't3
RA7
RA8 0 3 3 2 5 6 1 0 12 11 8 3

Goals should be included in analysis and negotlatlon
3

1 3 1 4 4 2 2 12 11 6 5RA9

3 2 0 3 4 0 2 6 4 I 12 10
RAIO
DRI
DR2

DR3

Oefrne srorau.a templates for describing requirements 4 2 1 I 2 0 ,| 12 8 8 6

3 3 2 0 5 4 2 1 18 I 4 3

4 3 1 0 6 5 0 18 I 5 2

SrppLett"rrt t attAlanguage with other description of
reos 2 3 2

,| 2 6 3
,| 14 10 5 5DR4

4 1 2 1 4

10

A 3 1 't2 10 I 4
DR5

2 0 0 22 8 1 3DR6
H^"e ditect c*tact with customer to avoid unclear

5 3 0 0

2 2 2 2 1 4 5 2 6 10 10 8
sMl
SM2 2 4 1 1 1 7 3 1 7 13 5 I

Model the system architecture

Ur" strr.rctr,rreA methods for system modelling
!
3

4 0 0 1 7 3 1 1 8 7 8
SM3

1 3 1 4 5 2 1 I I 10 6
sM4
SM5

0 4 2 2 2 4 3 3 I 12 I 6

D"*"""1 th6 I"k. bet*eln stakeholder reqs and

svstem models 2 3 2 1 5 2 3 ?

1

11

10

6

't2

9

7

g

5

SM6

RVI
Check that the requirements document meets your

4 3 0 1 5 5

?
3

3 2 1 4 4 4 0 I 11 8 6
RV2 f)ro^nrse tomal reoulrgments lnspscllolls

UG multie multi-disciplinary teams to review requirements 1 3 1 6 3 1 2 14 7 6 7
RV3

3 3 1 1 4 4 2 2 10 I 10 5
RV4

2 3 2 1 2 5 1 4 7 11 I 7
RV5

Write a draft user manual

Prooose reouiremenls test cases

Paranhrase svstem models

?
3
3

4 2 0 2 3 4 3 I 5 13 7
RV6

2 3 0 5 1 5 1 12 11 7 4
RV7

2 2 1 4 2 4 2 4 I 8 13
RV8

5 1 2 0 7 5 010 21 6 4 3
RMI

2 4 0 2 3 5 410 8 12 6 I
RM2

5EEilE?ac6bititv poticies
,| 4 2 1 3 4 3 2 7 10 8 s

RM3 q
1

5 2 2 5 3 2 7 7 9 11

RM4 Marntarn a tracea0lllry milual
Use a database to manage requtrements

Dehne change management policies

ldentifu slobal svstem requlrements

3 1 3 2 4 2 4 9 6 6 '13

RM5
2 2 3 ,| 5 2 3 2 13 5 8 8

RM6
2 5 1 0 3 4 3 2 12 7 10 5

RM7
2 4 1 1 3 5 3

,| 9 8 8 I
RM8

2 3 2 1 5 3 2 2 I 7 I 9
RM9

flave a dedicated role for requirement engtneenng
3 1 3 7 I 3 1 10 5 I 10

RMIO

?
1

1
3

3 3 3 2 4 13 5 6 10

cs1 Create satbtv requlrement c
1 3 3 3 5 11 6 4 13

CS2
3 2 0 3 5 1 313 13 6 6 9

CS3
2 2 1 3 4 2 313 12 6 6 10

CS4
Cr*s."Leck oeerattorl/ft*tional reqs against safety

reos
2 ,| 2 3 6 0 3 3 14 4 5 11

CS5

?
1

3 0 3 4 2 3 3 11 5 8 10
cs6 Snecrtv svstems uslng a IortrEL

Collect incident exPerienceffi
2 2 3 2 3 3 4 't1 7 10 6

CS7
1 3 1 3 3 4 2 3 14 4 I 7

CS8
1 3 I 3 3 3 2 4 13 5 8 8

CS9
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Appendix C: RE Practices based on Company Size

Small(N=10) lntermediate(N=13) Large (N=28)

H M L z H M L z H M L z
ID

Define a standard document structure 3 5 2 0 1 3 3 0 17 I 2 0
RDI

3 3 3
,| 6 4 1 2 I I 8 3

RD2
.-a'rirampnlc 6 0 3 1 3 6 2 2 13 10 3 2

RD3
3 6 1 0 7 6 0 0 11 5 8 4

RD4
4
6

3 1 2 4 5 3 1 14 6 7 1

RD5 DeIme sDectallzeo lcrtrrs

Mrk" d,ffi"rt t"v*t r*d"bl. 3 1 0 7 5 0 10 12 6 0
RD6

5 2 2 1 5 5 3 0 8 13 7 0
RD?

5 3 1 1 8 3 2 0 7 16 5 0
RD8

3 4 2 1 5 5 2 1 14 9 2 3
REI

E" s.r,sitire to organisational and political

consideration 2 4 2 2 6 3 4 0 8 16 2 2RE2

7 2 0 1 7 4 2 0 21 4 3 0

4 3 2 1 5 3 2 3 14 I 3 2
RE4

3 3 3 1 4 4 4 1 10 13 4 1

RE5
UG Uui*ts 

"oncems 
to drive requirements

eliciution 3 5 1 1 5 3 3 2 12 I 5 2RE6

5 2 2
,| 4 6 2 1 10 9 I 1

3 5 0 2 2 6 2 3 7. 13 7 1

RE8
Coll""t r.quite.ents fro4 rnellP.lg vis\ilPein!!-- 4 4 2 0 4 6 1 2 10 I 6 3

RE9
7 0 2 1 4 4 4 1 8 10 7 3

RElO
Use scenarios to elicit requirements

Dehne operational Processes

2 6 1 1 2 5 5 1 10 5 10 3
REI I

6 1 2 4 7 1 1 10 I I 1

q

2

1 2 4 1 4 4 4 I 7 I 3

F*itrtate r"qr""."rt engineering with domain

ontolosv 3 0 5 2 4 4 3 9 7 7 5REI4

REI5

Use diffetent techniques for requirement gathering

like interviews, document analysis' use cases'

scenarios, prototyping, brainstorming and focus
6 0 3 1 5 5 3 0 13 I 4 2

6 1 2 1 6 3 3 1 11 13 3 1

Use checktists for requirements analysis

Provide soflware to suppon neSotiations

Plan for conflicts and conflict resolution --

) 4 2 2 4 5 2 2 I 10 7 3
RA2

1 4 4 0 4 6 3 6 7 7 8
RA3

l 2 2 3 I 7 3 2 5 10 8 5
RA4

5 3 1 8 5 0 0 17 10 1 0
RA5

Cl"s;Fq",*ments using a multi-d imensional
annroach

2
0 4 4 0 7 4 2 7 8 10 3RA6

RA7
U;e inte.""tt"" m"tt,ces to find conflicts and

overlans
2

1 2 5 2 3 4 4 7 4 6 11

2 4 2 2 5 3 4 I
0

I

10

11

I

q

5

?

4

RA8 Assess requiremenb risks

RA9

RAlO

G."ls.hould be included in analysis and negotiation

activities
I

2 2 3 5 4 4

Ilse automatic tools in requirements analy!q11s99!!- 2 1 1 6 1 2 6 4 7 6 7 I

DRI
Deftne standard t€mplates for describing

reouirements 3 3 1 3 5 3 3 2 15 6 5 2

5 1 3 1 8 3 2 0 13 10 3 2

DR3 6 2 1 7 4 2 0 14 10 1 0

Srppt".*t 
""t.nal 

language with other description

of reos. 4 3 1 2 5 4 2 2 I 11 6 2DR4

DR5 Snecifu reouirements ouantitatively 4 1 3 2 4 5 3 1 12 7 7

DR6
H^r" d,.""t 

""nt""t 
with customer to avoid unclear

reouirements 2 0 1 9 3 0 1 18 8 1 1

SMI
SM2

D"r"too complementary system models 2 2 3 0 5 5 3 5 8 10 5

2 4 1 3 0 7 3 3 8 1 5 4

Model the system architectgre 3 2 2 3 3 6 2 2 I 1 6 3
SM3

,
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U*st rctut"a .ethods for system ryoqelling 2 3 2 3 3 5 3 2 I 7 10 2
SM4
SM5 1 4 0 5 2 6 4 1 7 I I 4

Document tinks between stakeholder reqs, and

svstem models 3 2 1 4 3 2 5 3 12 5 7 4SM6

RVI

RV2

Check that the requirements document meets your

standards 3 2 2 3 4 4 2 3 1',! 12 4 I

tu^"^i"o fnrmal rcnrrirements insnectlohS

Use multi-disciplinary teams to review regql@4931[-
3 2 3 2 3 5 3 2 I I 8 2

4 1 2 3 4 3 4 2 13 7 4 4
RV3

3 2 1 4 5 4 2 2 I I 10
,|

RV4
3 4 0 3 3 2 5 3 5 11 7 5

RV5
4 2 1 3 1 6 5 1 8 2 '13 5

RV6
3 3

,| 3 4 4 4 1 11 7 10 0
RV7

1 5 0 4 3 1 5 4 6 7 8 7
RV8

5 2 2 1 6 4 3 0 20 5 1 2
RMI
RM2 Defrne oolicies for requirements management 4 1 3 2 2 4 3 4 7 15 4 2

1 3 2 4 2 4 4 3 7 't0 7 4
RM3

1 3 2 4 1 5 3 4 6 8 I 5
RM4

Use a database to manage requirements

Define change management Policies

3 2 2 3 0 6 3 4 I 3 4 12
RM5

3 0 4 3 4 3 4 2 13 4 6 5
RM6

1 5 1 3 5 3 4 1 11 6 I 2
RM7

5 2 2 4 5 2 2 I 5 8 6
RM8
RM9 3 1 5 4 3 4 2 s 7 7 5

Aave a dedicated role for requirement engineering

act ivities 2 2 2 4 4 2 3 4 14 2 6 6RMIO

CSI 4 2 0 4 4 5 2 2 s 3 6 10

3 2 0 5 3 5 3 2 8 5 3 12
CS2

ta"ntifv and analvse hazards 4 2 0 4 6 3 2 2 I 4 7 8
CS3

4 2 0 4 4 3 4 2 9

12

L

1

C54 Oerive safetv requirements from hazard analysis

ICS5

cs6
CS7

Ooss-"l,e"t operational/functional reqs against

cafetv reo 3 1 1 5 7 3 2 6

Snecifo svstems using a formal specification 3 1 1 5 4 4 2 3 10 4 7 7

2 1 3 4 5 3 3 2 7 6 I 6

5 1 1 3 b 2 3 2 7 6 8 7
cs8

Establish an organizational safety rq!1919, 4 2 3 1 6 2 3 2 7 5 7 I
CS9I

Appendix D: RE Practices based on Company Type

Multinational(N=40) National(N=14)

ID
H M L z H M L z

RD1

RD2
RD3

RD4
RD5
RD6

18 15 6 1 5 5 2 0

13 14 11 2 5 b 2 0

l-^l:,1^ ^ .,'-*^^, ^f 20 16 2 2 3 7 3 0

16 16 5 3 6 5 2 0

13 't7 8 2 3 7 3 0

1 21 2 2 7 4 2 0

1 18 8 3 1 10 2 0
RD7
RDS

RE'
RE2
RE3

10 25 1 4 3 I 2 0

"";t itih, 16 20 2 2 5 5 3 0

Be sensitive to organisational and political consideration

Identifu and consult svstem stakeholders

14 15 10 1 4 5 3 1

25 12 2 1 I 3 1 0

22 15 2 1 5 5 3 0
RE4
RE5
RE6

18 17 4 I 7 3 2 1

U.e b*ittett cor"ems to drive requirements elicitation 15 18 3 4 4 6 3 0

RE7
RES

17 1',! 10 2 6 5 1

14 8 14 4 1 I 3

RE9 Collect requirements from multiple viewpoints

Protot-vpe poorly understood requirements
r T-- -^--^'i^o r^ -liait ranrriraments

13 16 8 3 3 7 2

REIO I 't7 10 4 2 6 5 0

12 20 4 4 4 4 4 1

17 15 7 1 3 7 2 1

I 21 7 3 2 7 3 1

RAI Define system boundaries 22 1',! 5 2 6 6 I 0
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RA2 fnr rpnr riramenfs analvsis t3 12 12 3 4 6 2 ,|

RA3 9 12 't5 4 1 4 6 2

RA4 nnnflint racnLrtinn l4 14 't0 2 3 4 4 2

RA5
RA6
RA7
RA8

25 13 1 4 8 1 0

Classifu requirements using a multi-dimensignal approach
ru-,--^^r:^- --+.inac rn finrl nnnflictq ,hd overlens

12 11 14 3 2 4 7 0

6 I 18 7 1 4 7 1

Assess requirements risks I 14 7 4 3 4 5 1

DRI
DR2
DR3

Defrne standard templates for describing requirements
I Tca lancrracac simnlv cnd conciselv

22 12 4 2 6 4 2 I
17 18 3 2 4 8 1 0

Use diagrams appropriately 20 10 5 5 5 6 2 0

DR4 Supplemeni natural language with other description ofreq'
e--^iA, --^"iramartc nr rqntitqtiwelw

15 17 6 2 4 7 2 0

DR5 1',\ '13 14 2 1 I 3
,|

SMI l)evelon comblementarv sYstem models 8 14 13 5 3 6 3 1

SM2 Model the system's environment I 13 't4 4 3 4 5 1

SM3 a rch itech r re 13 20 4 3 5 4 2 2

SM4 mafhnrl< fnr cwstem modell t 14 I 6 4 5 3

SM5 13 10 12 5 2 b 4 ,|

sM6 Ooo,r*r,t tints between stakeholder reqs and system models 11 't1 14 4 2 6 4 1

RVI standards 21 11 5 3 7 3 2 1

RV2 Organise formal requirements inspections 
.

Use multi-disciplinary teams to review requiremglts-
11 't2 13 4 4 5 2 2

RV3 12 't2 10 6 4 3 5 1

RV4 n^ff ^- -alirlafinn checkl 13 10 12 5 4 5 3 1

RV5 Use orotowpinq to animate requirements 7 13 13 7 2 5 5 1

RV6 17 10 I 4 3 5 4 1

RV7 17 15 6 2 3 5 3 2

RV8 Paranhrase svstem models 5 15 16 4 0 3 8 2

RMI Uniouelv identi& each requirement 20 14 4 2 8 2 2 1

RM2 Define oolicies for requirements management 14 12 11 3 3 6 4 0

RM3 r'oaaahilihr nnliciec 13 14 10 3 4 3 4 2

RM4 traapahilinr manrral 12 10 13 5 3 3 6 1

RM5 Use a database to manage requirements 15 9 8 8 1 6 4 2

RM6 15 12 7 6 2 8 2 1

RM7 Identif! slobal svstem requirements 16 I I 6 2 6 2 3

RM8 Identifir volatile requirements 8 14 12 6 3 2 5 3

RM9 Record reiected requirements 7 I 16 8 3 1 6 3

csl Create safew requirement checklists 13 12 7 I 2 5 1 5

CS2 a*tarnal rpwiewcrc in ihe validation nrocess 8 15 I 8 4 2 6

CS3 Identifu and analvse haards 14 I 12 5 2 5 1 5

cs4 Derive safety requirements from haz^rd analysis 11 10 't'l 8 1 6 2 4

CS5 Cr*s-ch"ik op"rational/ functional reqs against safety req. 13 I 10 8 2 2 5 4

C56 Snecifo svstems usins a formal specification 10 16 I 5 2 3 2 6

cs7 Collect incident exPerience 12 1',! 10 7 0 5 3 5

CS8 linm innidanr 16 '11 6 7 2 5 2 4

CS9 Establishin orsanizational safety culture 10 16 I 5 0 6 3 4

rY

Appendix E: RE Practices based on Software Development Process Type

Aoile(N=31 Traditional(N=1 9)

ID H M L z H M L Z

RDI Define a standard document structure 17 I 5 0 7 I 3 0

RD2 F,xnlain how to use the document 12 8 6 5 4 I 6 1

RD3 Include a summary of the requirements 11 11 6 3 10 5 2 2

RD4 Make a business case for the system 14 8 6 3 5 I 3 2

RD5 Defi ne snecialized terms 11 10 7 3 I 5 4 1

RD6 Make document layout readable 13 13 3 0 7 6 5 1

RD7 Help readers find information 't2 10 I 0 5 10 3 1

RD8 Make the document easY to change 14 11 5 1 5 I 4 1

REI Assess Svstem FeasibilitY 14 11 3 3 5 8 4 2

RE2 Be sensitive to organisational and political consideration I 16 1 5 6 7 3 3

RE3 Identifu and consult system stakeholders 24 6 1 0 't0 3 5 1

RE4 Record requirements sources 14 11 4 2 7 5 3 4

RE5 Define the system's operating environment 10 12 I 1 5 8 4 2
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'}'.

RE6

RE7
RE8

Use business concems to drive requirements elicitation
I ^^L fn. rlnmain nnncfrqinfs

12 11 5 3 6 5 5 3

13 11 5 2 5 5 8 1

le I 15 5 2 3 8 4 4

RE9 E6iiEiiEquiretne,nts fro- multiple viewpoints

Prototvne noorlv understood requirements

12 12 5 2 5 7 4 3

REIO 14 10 b 1 4 4 6 5

REI I
RE'2
RE'3
RE14

12 10 7 2 1 6 I 4

11 16 4 0 2 5 8 3

7 8 I 7 4 6 5 4

F^"rlit"t€ t"qrt*ment engineering with domain ontology 10 8 7 6 2 5 5 7

REI5

RA'
RA2

Fs" oir"rerrt techniques for requirement gathering like

interviews, document analysis, use cases' scenarios, prototyping,
't6 10 5 0 7 3 5 4

t4 12 5 0 I 5 3 3

far anclvsis il 11 5 4 1 I 6 3

RA3 5 7 11 I 6 1 4 8

RA4
RA5
RA6
RA7
RA8

nnnflint rasnhrtinn '7 I 4 3 5 4 7

20 11 0 0 7 8 2 2

Cl'assi& requiremens using a multi-dimensignal aPproach

GE interaction mafices to find conflicts and overlaps
4."-.r ranrriramcnlc ri<lrc

6 10 I 6 2 5 8 4

6 7 7 1 3 2 5 I
t2 't0 8 1 4 7 4 4

RA9 G"als rt ould be in.lud"d in unulytit

-

Use automatic tools in requirements analysis process

r".g -.^-:--,t ramnlofp< fnr dc<crihino renttiremenls

l5 8 6 2 2 7 5 5

RAIO
,l

5 11 8 2 5 2 10

DRI 16 6 6 3 5 6 3 5

DR2
DR3

DR4
lrR5

19 10 2 0 5 4 6 4

19 10 2 0 6 6 5 2

T6ilernent nitural language with other description of req'

Snecifu reouirements ouantitativelv

14 1'l 4 2 3 5 6 5

't3 't1 7 0 4 3 6 6

DR6
Have direct contact with customers to avoid unclear

reouirements 22 I 0 0 't1 4 3

SMI Dweloo comDlementary system models 5 I 11 6 3 5 5 6

SM2 6 15 5 5 3 6 4 6

SM3
SM4
SM5
sM6

10 10 5 4 7 4 4

Use structured methods for t$E, ,999!.!!!g 9 I 9 4 4 5 6 4

8 10 8 5 2 6 5 6

ffild"r reqt and syrt". rodglt
ef,ilfTii the requirements document meets your standatds

Organise formal requirements inspections 
.

Use rnulti-disciplinary teams to review requqgrnglts-

12 12 7 7 4 5 6 4

RVI 't2 12 4 3 4 7 4 4

RV2 I 12 7 3 5 3 7 4

RV3
RV4
RV5
RV6
RV7

14 6 7 4 7 3 3 6

10 I 9 3 5 5 4 5

ranrrirpmanfc 't0 8 9 4 1 8 8

zlroft rrcer manrrql 7 8 12 4 5 3 5 6

t3 10 7
,| 4 4 7 4

RV8 7 8 7 I 2 4 6 7

RMl 21 6 2 2 I 6 4 1

RM2
RM3
RM4
RM5

Define policies for requirements management 7 't4 5 5 5 6 5 3

6 11 8 6 4 4 5 6

t'anaqhilifv manrral 5 1',! 7 8 4 2 7 6

7 8 6 10 4 4 2 I
RM6 nnlic 2 5 I 5 6 2 5 6

RM7 12 7 8 4 3 7 6 3

RM8 I I 8 5 3 6 4 6

RM9
RM'O
CS'

8 7 7 I 6 4 6 3

AciloqteA rnle fnr reorrirement ensineering acttvltles 2 4 7 I 6 1 6 6

Create safew requirement checklists 1 I 3 I 5 2 4 8

C52 --tarnal rpwiawer< in the validation Drocess 0 8 2 I 4 2 4 I
CS3 "..1 ".olrrse hazards 3 6 4 8 6 1 5 7

CS4 <,feh/ rpnrircfrents from hazard analvsis 10 7 5 I 5 2 5 7

css Cdi-check operational/ functional reqs against safery req'

Qaanifir crrrfem< rrcino a formal snecification

'15 2 4 10 4 2 6 7

CS6 10 7 5 I 4 2 6 7

CS7 8 7 I 7 4 4 5 6

CS8 10 6 I 7 6 3 4 6

CS9 Establish an orsanizational safety culture I 8 7 7 5 2 4 8

*
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Appendix E,: Based on participants region
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Appendix G: Comparison with GSD study

*L

SD Studv(N=56) Our Studv(N=S4

Practice
H M L z H M L z

ID 24 22 1 28 18 I 0
RDI

16 22 16 2 '18 I 12 6
RD2

26 23 5 2 24 17 I 5
RD3 Include a summary

19 25 9 3 2',! 1S 9 5
RD4 Make a buslness 't8 22 14 2 23 16 1',! 4
RD5 Dellne speclallzeo

23 25 6 2 24 21 8 1

RD6
3 29 10 4 18 23 12

RD7
3 35 4 4 20 23 I 2

RD8
21 27 6 2 22 20 7 5

RE Assess svstem reaslollrtY
g;;.r,sit*" to organisational and political consideration 19 21 4 2 17 25 4 8

RE2 36 6 3 37 10 6 1

RE3 27 22 6 25 16 7 6
RE4 26 22 6 2 17 22 12 3
RE5 20 25 7 4 20 18 't0 6
RE6 use buslness

23 19 't1 3 20 18 13 3
RE7 Look Ior oomaln

15 18 18 5 13 26 9 6
RE8 16 25 11 4 21 19 I 5
RE9 Collgct requlremenls rrolu IIrurLrPte v tvwvuuru

1 24 16 5 't9 15 14 6
REIO

16 26 I 5 14 16 18 6
RE I use scenarlos

20 23 10 16 22 12 4
RE 2 Lrettne oDerauonal PtuuErsE)

11 29 11 5 13 15 15 11

RE J Reuse requirements 13 16 12 1

RE 4 Facilrtate reoulremenl gngtncEr tttts wtrtt u""^'"' ""'"'"o;
UG aifr_--".ent t"cnn,ques for requirement gathering like

interviews, document analysis, use cases, scenarlos' prototyplng'

hrainstormine and focus groups
26 14 10 l4REl5

29 18 7 2 25 18 8 3
RI Define svstem bounoarles

18 't9 15 4 I 15 21 1 7

RA2 Use checKtlsts roll!-gglllll].l:llj:jl3lJj::-
l0 17 23 6

,| 14 17 16

RA3 Provrde software to sllPPlll!.j.jS!!M!::::- 17119 16 4 10 I 20 13 1

RA4 Plan tbr contltcts ano conrttgt tssutur'""
D.i^riticp renrrirementS

Classifu requiremens u.,ng 
" 
ffi

30123 2 1 131119 2 2

RA5 l4 't7 I 21 4 10 16 18 10

RA6 1l'14 25 10 12 I 12 21

RA7 Use mteractlon 18119 14 5 17 20 12 5

RA8 Assess requtremenrs 19 '16 11 I
RA9 Goals should be inclucled tn analysls att ttt

11 10 '14 19

RAIO Use automatlc tools ln requlrcllelrE ilrdr]rrr PrvvvJr
28117 813 25 12 I I

DRI
21 28 5 2 26 16 8 4

DR2 Use languages slmply a!!l'u.L!P:ll-
25 18 716 28 17 7 2

DR3 I I(e dlasrams aDDroPrlatElY

s.iI1".""t t,"trAl language with other descriptlon ol req 19 26 I 2 18 19 10 7

DR4 't2 23 18 3 20 15 13 6
DR5 Specity requtrements quanttta"'"''

Have direct conta"t *'th c,stoiEi6lGiIiJ#
reouirements

37 13 3
DR6

1'.! 22 17 I 16 17 12

SMI Develop complemenrary sysrEtu rrtu!
12 19 20 5 10 24 I 11

SM2 Model the svstem s envlrontrrctrr

Model the sYstem archltecture
18 25 8 5 16 1g 1 I

SM3 15 21 13 7 16 15 15 8

SM4 Usestructuredry
15 18 't7 6 10 20 13 1

SM5

Ch.ACAth.r.qr"eme@
13 18 19 6 18 11 14 11

SM6 28 16 7 5 't9 20 8 7
RVI

1 18 17 6 15 18 14 7

RV2 Orqantse tormal requlrerc
16 16 17 7 23 11 10 10

RV3 Use multl-drsctpllnary
17 17 15 7 17 16 13 8

RV4 Del lne valtdatlon cne9{!.1!E--
9 20 18 I 1',! 't9 't2 1

RV5 Use DrototYtr 20 17 13 6 13 'ts 10

RV6 Wrlte a dratt user
20 21 10 5 20 14 15 5

RV7 5 19 24 8 1 13 14 16

RV Paranhrase svsrcm
28 ,| 8 3 33 12 6 3

RM1 I Iniouelv tdentlfv eacn r€qurI
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17 19 16 4 13 21 10 10
RM2

17 't8 14 7 11 18 13 12
RM3
RM4

't5 14 19 I I 17 14 't4

16 17 12 1 12 13 9 20
RM5

17 21 10 8 20 s 14
,|

RM6
18 16 12 1 17 16 14 7

RM7 ,| 17 18 1 14 17 12 11
RM8

n ^^^-) -^i^^+^A --^"iramar 10 't1 23 12 16 13 't3 12
RM9 20 7 13 14
RMIO

15 18 I 14 18 11 8 17
CSl I 20 12 15 't5 12 6 22
CS2

16 15 14 11 21 I I 15
cs3

14 16 13 13 18 10 10 16
C54

eafpfw 16 11 16 13 22 5 't0 17
cs5

S*"ifv svstems using a formal specification 12 20 13 1 17 10 11 16
C56

12 17 14 13 't4 12 15 13
CS7

18 17 10 11 18 11 12 't3
cs8

Ett bli.h * *s"tizational safety culture 10 23 12 11 17 11 1'l 15
CS9

t

-D
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Appendix H: Questionnaire

ffi 1!:}
Full -"*-- ,

tr{ame t----*-----*---*i
(oPfionaI)

ffi r:*
Exp*rierce {!n Years}

t* r-es*ihens f *ro

EmaI 
l i

t

JobTrtle/ r - ---.! Company's ;- -*
counry l_----*,*--

r 11-15 r l$ore then 15

Page descriPti'on:

$:ffi1:!"$
.r- lltfrct is th* prlmary buclnc*a tmcscn a{ yol.r conpxry? {rfou mry scr mora rgtl o$c}

rce Devebprnent f Other (Pfaase specfy)

iit_-"_*_,

*rr"O."nrly how may statl are empl'oyed by your companf? (ploasc rick rs ryproprie)

f- t-es$Sranz0 r- GreaHr&anzm

r zltxsg l* lrbt$ure

fle* r.! 7
ffii; thc ecope of yorr camprny? {pteaee dch s5 spprcprl&f

I_ Na$onal I. Don'lknow

f Muhina$onal t* o*rPr (rery: 1q:*L-
I 

---l
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$c

'l'gw 1")* l,ant*v
Ilrriducf {)wncr xt llvmxna

Oh, and the produot Owner should be a subject matter expert. That is another rvay of saying that they can make

decisions that the stakoholder would support

$e*i'a Yaz
tr{.esea rch Schola r l3,ttf.tw xre Engineeri ng

@Tonr agree but if the p.O is a real customer he is in a better position to present the perspective of other customers

and stakeholders isn't it the case?

'l onr []c l,,l!lgl
Pl'odutt (hvner at Hulnana

@Sonia - What you need in a product owner. is someone who knows about the business enough that they can ntake

iidep.,rdent decisions without having to have meetings with multiple stakeholders every time'

In acldition, the Po neecls to know lrow the development proaess works so that they can have some feel for how to

rveigh options and costs ofdifferent decisions'

often, the first attribute nreans that the Po works every day with or as the customer'

Daaicl llcl*nd
Softlvare Dcveloper at '['halc* Calrada

What is also important is that the PO comes prepared to the sprint planning with clear and concise user stories'

He/sho must be available during the sprint to answer the team's questions without too much delay'

By experience, when the stakeholder(s) cannot aford enough time to do the work required of the Po' then with a

proxy PO the team's performance will be much better'

hc-ltit Lxz-

fterta rc h Sch oI a r I It:ttn* xt't *)n gi nee ri n g

So it means, in general we call say that proxy is not a bad idea ifhe is capable enough.

,lqbttN<l!2.
Y*e ttr*siiea{ of'Protlrret rt Al}P

I think it clepencls on where you are and rvhat you are trying to do. ln a case of s very mature product where your

objective is to maintain ancl maximize I am in line with the above comments' If you are looking to disrupl a market'

Extreme Requirements Engineering (XRE)
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enter a new tnarket, drive innovation in a product I don't think you can just pull anyone who is an sme and would

argue against it.

lfoises Soto .Ir
Project lIn na gcr - Seu lor Frtetitioner, I".can-;\gilc-SCRti ilI'

At bir late responding but it is indeed an issue of "what type of project" is the one you are trying to complete: A

hybrid or truly an Agile/lean project. You see in a hybrid you may have approved requirements within UCs' if so

then the pO mainly aclds/suggests modifications due to changes that can occur in time (time does fly)' [f not then the

proxy or the person ,"p."r"ntirg the stakeholders (Po) must know more than other persons within the scRUM

team. The pO can negatively in'rpact the project if he or she does not know enough about the solution/project'Hope

that helps.

$tgvq f asfatrend

hgil* {".'.oach al Centarc

From the Scrum Guide ...
,,-[.he product owner is responsible for maxinrizing the value of the product and the work of the Development Team'

H.w this is done may vary widely across organizations, Scrutn Teams, and individuals." The guide goes on to

explain the PO's responsibilities in regards to the backlog'

I agree. with sorne of the statements above, that it nlatters less where the PO comes liom but it matters a great deal

that the PO has the abilities to do the.iob.

one of the things that concerns me is the term "proxy Product owner". lf this means that the real product owner is

in the background second guessing decisions it could be counterproductive. The PO needs to make decisions about

the product. Often these decisions are both detailed and timely. For this reason I would prefer a Product Owner over

a Proxy Product Owner.

L,p* &-P&g
Vlce Presidcnt at l"lC.L, '!'echnokigies

For me it really boils down to decision authority. If the proxy has no authority then you may just be wastingtime

and not getting the decisiorrs made.

So the question really is, are decisions being made and do they stick?

NT<ttts\"99t:t- Jr
*t r <'tj eet M iztt *Ee r - Se n i o r P ra c ti ti o n e r. l'crr n - Agi I c- SC R tr 11'

Agree with the last two comments. The Product orvner is the key person when dealing with the requirements, they

should be salient and the PO directs the development team to implement -- the Scrum Master can help but the proxy

or substitute must know the product that is being build and the impact to the client' So if the PO is not capable of

cloing the task then the project will sufTer and no incremental software will be created. This brings to rnind also the

Extreme Requirements Engine ering (XRE)
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amount of collaboration that needs to happen for this methodology to succ-eed'

'l'hanks.

Sonia Naz

ffit.nolnr isoftu'are Engincerittg

*' t':::::::"-r, 
of collaboration that neecls to happeh for this methodologv'.".:'""1^,,:ompletelv 

agree I

anr actuary trying to f""';;,ht, u*p""ionrv .d;;;o;J;ithe project's types ant other various attributes'

@,Steve 
,, If this means that the real product owner is in the background second guessing decisions it could be

iunr", prodcutive.,, this is arso in rine with above fact the product owner is u"r*tty trie cust.mer representative if

he can,t represent rh" ,;;i";rtomer it^is "tT-";r;; 
disaster una to."i*"nt rhe actual customer he needs to

"oftuUor*" 
with them in a fairly frequent way'

%lurn M*stering llc NY' N'l

ffiffiilil:,;, il;;.;,r" proxy is to their product owner' rhe proxv w,r need to be

emporvered to rnake Ar ,rr" a"ri;i"ns repr-esentin, ii" io '" *ere must ut rutt ug'""*ent on the vision of that

in- rvorks with the tean.r and is

product.

Crant Sutton

lleliverv. Lcad at ()cletee

ffl:i:":il:,'fH[r]]l;:l;:H'11:|i::'''til:'ilT;T"Fffiltimetodedicatetotheroreand
needs to delegate responsibility to 

'o'o"ont 
else from the team'

With that assttrnption in rnind it's a balancin: i:t::t:::i,'l:',:1t"*''* 
factors

liT"lffi il';H;;;;r:*y"*r;11:-'"":lli:i""T]il::
lllL::il:;ttffi:i[":J:ilil"il,-d::'?"::.^,.l:l*ml::;;1;,::i::::ilJ;?i;'*'(2) Has the PO delegated authortty antt rtrrPut'Dru;;;;;ri; 

without 
'alidaticin 

frorn the PO?

(3) Is the proxy happy to make timely inde[r.el1,"i,r^ 

^",",.,nment 
rrractices?(3) Is the proxy happy:" ::::-, .l'",,,"-"i,,. aqile developrnent practices?

i;; ;".' it'. pio*v understand i'd ]i:,l"r1,"^::?*" ," do the task iustice?(4) Does the proxy u.rruEtlrcrrv 
le to ilo the task justice?

i;; ;;;t the proxi themselves have sufficient tin

My experience is that as long ":,*" li:i'^,:::YTi::.',t:',i-::Yil:llt"H':il.t:J;1j}yJ,"J[[:1'"'ii^[J:::,::::Jil!;':;A,;T*.[1,iffi;; "']"''r.' 
*' impact orderavs to deveroprilent

elnpowereo I0 ludnv wwt 
lm available Po.

;;; t* are waiting for respottses from our seldt

Xjtin l(hr nnt" Scrurn llrlctittotlql'iti

l,rl *tlfier 1 Agile h'lentor I Scrum Coach

is the product backlog visible and open to all?

@Sonia - what if there was a positive o'utcome?

{
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Sonitr Nnz

Kesea rch Scholar lSoftlvare lingi neering

'l'0p Contribuf{}r

@Nitin 
,,Is the product backlog visible and open to all?,, by all what do you mean? If it.s P.o, Scrum master and

development teams off cou""-yt'' Its good if there was a positive impact but how?

Xjtitt Iihatr na' $r:rtl lt1 tr'raqtitioner

f'rrrtWr(hvrter I Lgile llentor I Scrum Coach

@)Sonia, the product Backlog is intended to be visible to a,, inc'"rcling stakehorders. This allows to to see what's

ordered arrd is expecteo n"*ilt.,i, is also a nice way to keep a PO in check, amongst other things""

iTffi:1,$[:TiL:"Hr*:ilTxi;",, anarysis skils, was acring.as a proxy po. Such a pe,'on was arigned to

the PO and had been emporvered to move things ahead as much as possible' Just happenecl that his domain

knowledge was also at par' if not nlore in some areas'

Akeythingpeoplemissisthatthebacktoghastobevisibletoasmanyaspossible.
:)

Sr.':rn (ilrtos

il* p.nf*ssional t{":S\l ICSP) now available

g|;H,:J[ijj.i:Tl"l[X?,:[Jli:T;ix$,'.,,n". maintains regurar and good interacrion with his proxv and

the rvork that is being done, or commits ,o ut"tri'nr'*hut *u' delivered in his absence' For this to rvork the Po

does not have a righr .f vETo at a late stage in tr*i'"j"";'st because the solution is differe,t to the one that he

envisaged.

ln summary answering yes to the question:

,,has the po delegated authority and responsibility to the proxy in t:cu:1t to decision making?"

\4eans that the PO ucknowledges that he is rvilling to accept those decisions'

f



. In agile how frequently the customer representative (Scrum P'O) meets with

other stakeholders like users etc'

So;g-I'iaz Research Scholar isoftware Engineering Top Contributor

Comments:

llsilau-\.q*1"{-h, -}:1' t};-L-M5'
iicrrrrn hgile \;,xp*rt I Soilx'are Chtnge Specialist I Engineering Leader

Dependingonthestateoftheprojectlrelease,thescrunrProductownershouldmeetstakeholdersonceaweek'or
at least onca every two rveeks'

Seasonality r.vill play into the equation. For example, if your company is heavily into e-comnerce' and holiday

shoppingseasonisnearing,thePomightwanttocollaboratewithkeystakeholdersmultipletimes(tlvice)aweekto
ensure that:

I . customer requirements are met' and the train on the right track'

2. Based on &ny new inlbrmation, quickly course correct and prioritize backlog better for upcoming sprints'

cromm,nication is cruciar and any bad news must travel super-fast. This wilr increase the possibility of releasing a

solid product I service to your customers'

,L-t!::tu:nfl .g-t:l1$

{} * oer*llzingSpcci alis t ( rr cstlv i n A gilel{J X)

Asoftenaspossiblewoulclbemyadvice.Andl,dtryandensurethatit'SnotjustthePowhohascontactwithother
stakeholders.

,fhetearnlravingcontacttimewiththeactualusersreallyhelpsoverallprocluctqualityinmyexperierrce(andothers,

seeb11y;1r.11a31,]{9,c-Q.*l?}l1L9Le-,!-li$-er*qlp9.l-tll9J}A-U{t'forexample')

$qllq xaz
lleseir rch Schola r l}<>ttx'rre Enginecring

@ Adrian Howard 
,.it,s not just the po who has contact with other stakeholders" completely agree. Because through

this we can share the burden of p.o as we mostry want the customer representative to devote rris tirne being on-site

working with the development teamwhile rre atso need to rvork with the encr users and business stakeholders' This

dual role can be exhausting and creates sustainability issues for P'O'

kit i-V-{K-e-!.n}

cer.tifieti 5r.2.*tm'l'r*iner antl Agile cnach at llrnject success

Asoftenasneeded.I,fit,stoomuchtlrenthatshouldbecomeapparentastherewillbeverylittletoccrllaborateon
and if it,s not enough, that shourd otro u""o*" ufparent as ttrere will be a rack of alignment between the Po and the

stakeh<llders. lnspect and adapt - every cotltext is unique so there is no "one size fits all" answer'

Extreme Requirements Engineerins 6RE)



A-d-g c'aclt

Sr, Internation:rl ;{gile & l,t,ltr-rranslbrnration Coarlr I hgilec& l-,cfin Capability and Delivery Evangelist

As @lan saicl : ,,very Context is unique So there iS no ''one size fits all'' answer,'

Alignment needs to be ensured though, as the po usually is not the (buying) customer. So there is a risk of

rnisalignmenl which needs to be managed also by getting frequent feedback from real (buying) customers r:r end

users that need the procluct to provide x value through usable functionality

what we successtully did on a few products in organizations in transformation llonr "traditional" is doing "key user

feedback groups" after the sptint revielv. Once thJre was enough to involve key users in' so after 1 or 2 sprints' rve

would concluct a time boxed session with po and key ur"r, und developers to maximize feedback on the current

product increment, to be priorities by the po. This aiso helps with the actual moving into effective use' You work

with user champions. They can help prepare the users with what's coming as they are involved early and feel they

can help shaPe the Product.

This is an investment of max 2 hours per sprint. Does not need to involve all developersiust 2 for gathering

feedback and suPPott users'

This is just a ,,try'' techlriqtre in envirol]ments wlrere this can pay off' Especially when there is some kind of Ul (E.g.

Web/Mobile with some backend)

I also have seen this as a great Scrum Team gelling experience where the Dev Team and SM support the PO in

niaximizing ROI and managing stakeholders'

D vlkr: .b"tYansrrs- B:Q. dl Pi.ittg

Seniorreqrrirelaetrtsengitleer.forT,oover,Meteovisfa,Vali'alrtiereiswijzer'}otrrtderclflleArchlrrtegrxl
l:4re tltxi r ax rt tt ts A t' r:h*

Sonia.

Witlryourquestionyouareactuallyhittingoneoftheweakestpointsoftheagiledevelopment:complexprojects,
with different clisciplirres and many different stakeholders involved' Agile works effectively on a narrow set of

industrial projects. in other *ords:'agile development has many restrictions'

You lrave discovered one of them: ..how frequently he meets with the other stakeholrlers?,, In the pure agile,

thereisonlyonecustomerthatisinvolvedinthedaily/weeklyagilepractices.Whentherearemanycustomer/user
sicle stakehorders, pur.e agile approach cannot t . ofpti*,t. Think of developing a railway system' with such proiect'

agile also sufTers iiorn oirer limitations, u, ro, 
"*u*pte: 

dynamics of developing software is much different than

developirrgelectronics'wlrichinturnisrruchdiflerentthandevelopingmechanics.letaloneconstructionworks.In
the later'. ot'*cto.ing also almost always out of question too'

Thereforelwouldsuggesttoyoutothinkandrvriteaboutsortsofprcljectsandproductpureagiledevelopmentis
applicabletoo.Let,n",*you,.o.lyversionofthisconsideration,andlmightaddtoyourconditionsafelvIl-rave
been noticing along the way' Greetings

Extreme Requirements Engineering (XRE)



E Asif R.aza

Head of SW DeveloPment & Sales

Fi nla ndlTelecomln unication

It depends on organizational size and internal process, even in medium siz.e otganizrtion PO don't meet with end

user due to organizational hierarchy, it has more to do with organization process then agile'

Abhiieet Nikte MBA- CSM

Collnbor*tivc Servant Leader ll LeanlAgile Enthusiast and

Practitiorer ll Change Agent

I do not think this has to do with Agile or non-Agile implementations. I do agree that Lean/Agile frameworks has

tried to refocus more and more on customer collaboration and that is why we could be misled to some degree'

I am of the opinion that there should be a complete 360 degree evaluation - what does that mean? - just like a scrum

team has its retrospectives, there should be retrospectives with the customers/users/stakeholders in terms of

revisiting if what is being done and the way it is being done indeed provides value to the customer' If it is not, then

there is a problem that needs immediate attention. Retrospectives are a very powerful tool' One key thing I am

implying here is that the retrospectives should produce actionable items and be followed up on'

And the actual answer is - figure out for yourself. You will know when it is too little or it is too much' Be ready to

listen :-)

Richard-Green

Software Engineer - Retired

For any process to be under control,

the feedback has to have a periodicity matching the cycle time'

Anil Jaisine. CSP

Sxecutive Director *t JPllorgan Chase

ln Scrum the PO and team meet the user on the scrum review at the end of every sprint' The PO also can

individually meet the user regularly to analyze and review future stories

b

t
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l;rig llcKenna
i:ertifretl se ru*r ,Trainsr and Agile coach at project Success

@Anil-theteamoanalsomeetstakeholdersduringthesprint,afterall'not?Sometimesstakeholdersarebetter
placed than the PO to answer the team's questions'

{nil .lrisins. (lSP

llxecutive l)irect<vt' *t JPMorgan Chase

agree

,$qvi,l \lt{.
Kesea rch Schnlar l$ct{tw a re E*gineering
"l op {iontrlbutor

@IainMcKennaagreeespeciallyrvhentheP.olsfiomdevelopmentorganization(proxy)

'3rnia,;t..ae
lil"*Et;*t'r:tv $clrola r lstt{tw are }'ngirreering
'l'<tp {'.axtrib*tar

But the cluestion is that is it realistic to involve all stakeholders or it,S just atheory. Any suggestions? For example

can we use computer mediated collaboration to connect with clifferent stakeholders throughout the project?

lain i\lcKertlta

ilcrtilied Sc*rm '['rainer a*d Agile Co*ch at Project Strccess

(r.!Sonia, the bigger question is how do you maximize the value created by a development team without involving all

ol.the stakeholders? Rernember that Scrunr doesn't tell you how to do your work or what wotk you should do'

instead it provides a framework in which to inspect what work you have done and will do and how that work is done

so that you can learn and irnprove r:ver time'

rf stakeholders arenlt invorved, that would suggest to me an irnpediment (and perhaps organizational dysfunction)

which can be improved and through improvement, you should be able to increase the value delivered'

Usewhatevermeclranismsyoucantoengagerviththestakeholders,inspecthorvthosemechanismsareworkingand
if you see opportunities to ilp'o'" by changing the mechanisms' then change them'

Ab-hiieei Xikte 1'ItiA' C.9i1

{|ollallarativ*sllrvxall,eacler||l,e*n/Agilefnthrrsi*staltdPractitioner||ChangeAgent

Product Owner - ploxy or real should be CRACK!

I do not remember rvhere I frrst read this acronym, but a google search yielded tlris link -

Extreme Re quirements Engineering (XRE)
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i:1,T,::.1kIr"jl:.J,:,JlffJ"l,,ll;il:Tlff*1ffiffi';d 
being abre to represent the stakehorder

a.uti,orir.a, Empowered to make decision'

Committed: Share the development team and.lakeholder goal'

Knowledgeabte: unaerstaoJlna **p*"nced in the specifi" domain to guide the project to success'

lf you have a PO with these characteristics then you should be fine'

\
\
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