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Abstract— Requirement engineering is one of
the most critical and fundamental phases in
software development upon which other phases in
software development life cycle depend on. In this
paper, The a participatory requirement
engineering process model is proposed. The
model is mearnt to handle some of the problems
inherent in the existing requirement engineering
process models. These includes requirement pre-
processing, risk management and application
specific elicitation techniques. It is iterative in
nature for better requirement engineering and can
be used in larger as well as complex software
development process where requirements
changes continuously. The details of the
components of the participatory requirement
engineering process model is presented along
with the tools used in modelling the process
components.
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I. INTRODUCTION

Requirement engineering phase is one of the most
essential phases for an effective software
development [1] .According to [2,3], Requirement
engineering is recognized as the first phase of
software engineering process and is considered as
one of the key tasks in software development.
Requirement engineering is a crucial factor which
influences software product quality and productivity
[4].Also, [5,6] reported that ambiguous requirement
and product defect are the top reasons for software
project failure. According to [7], “Requirements
Engineering is a sub discipline of systems engineering
and software engineering that is concerned with
determining the goals, functions, and constraints of
hardware and software systems”. Also [8] pointed out
the criticality of Requirement engineering in his work;
that the hardest part of building a software system is
deciding precisely what to build, that no other part of
the work cripples the resulting system if done wrong
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and no other part is more difficult to rectify later like
Requirement engineering.

Similarly, [9,10] identified Requirement engineering as
the most critical and fundamental phase in software
development and that other phases in software
development life cycle depends on requirement
engineering phase. [11] in his research showed that
requirement errors produces 60% of errors in critical
systems and a survey conducted by [12] in European
companies showed that more than 60% of them
considered Requirement engineering problem as very
significant. These established facts highlights
requirements engineering as a critical phase in
software development projects. Nowadays, many
requirement engineering techniques and models are
available for software developers. Furthermore, some
of the techniques which are proven successful to one
system may not work well for another. It means that
methods and techniques selection can be difficult and
poor selection of the requisite methods and
techniques may lead to software system failure. Also
the requirements engineering process can be affected
by changes in business environment and risk
management. However, in situations where time to
market is more critical to the release of the software
than the software of quality, requirement engineering
models must provide appropriate guidelines for
developers to help them produce high quality software
in a timely manner which ultimately leads to a
successful software project development[13].So as to
develop high quality software in timely manner, while
trying to avoid traditional requirement engineering
problems, requirements engineering process along
with appropriate guidelines is inevitably required [13].
In this paper, a Participatory Requirement Engineering
Process (PREP) Model is proposed. The proposed
PREP model will afford the system stakeholders
opportunity to participate effectively in the software
design process and will overcome some of the
problems inherent in the existing models such as: Pre-
processing activity; application specific requirement
elicitation  techniques; and risk identification,
assessment and management problems.
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Il. REVIEW OF EXISTING REQUIREMENT
ENGINEERING PROCESS MODELS.
A. Spiral Model of Requirement Engineering
Process
This model, as recommended by [14] has the key
element “Spiral”. Each spiral has four major variants
which are: requirements elicitation, requirement
analysis and negotiation, requirement documentations
and requirement validation. The main objective of the
model is to overcome the problems that affect the
quality and cost of the project which occur in various
stages of software development [15].The strength and
weakness of the model as pinpointed by [16] are:
Strength(s):
e ltincorporates client feedback and facilitates
active user contribution.
e Fault can be detected early in software
development
e It supports an effective risk management

strategy.

e It supports effective reverse engineering
process.

Weaknesses:

e It does not compute efforts in requirement
phase.

e There is no support for requirements pre-
processing.

e There is no support for concept of
requirement prioritization.

e There is no criteria of using application
specific elicitation technique

B. Bee Hive Model

In this work, Application Domain,
organizational factors, Market, scale check, safety and
security are some areas in which background
research was carried out [17].The model increases
the swiftness and examines the actual time required

for eliciting the requirements from the stakeholders for
designing the prototype. The model assures the
appropriateness of the well-timed produced code and
can be used in evolutionary and conventional
prototyping [16].According to the author [17]
Background Research, requirement Elicitation and
Analysis, prototyping, Requirement verification,
validation and requirement specification are the key
components of Bee Hive Model. The strength and
weakness [16] of the model include:
Strength(s):
e |t does not combine both parallel and serial
model prototyping
e Feasibility study phase carried out parallel
with all other phases.
e It identifies and focuses on only the vital
requirements.

Weaknesses:

e There is no concept of requirements
prioritization

e There is no requirements pre-processing
activity involved in the model.
There is no concept of effort estimation
Does not grant effective risk management
policy.

e No criterion for application specific
requirements elicitation technique

C. Kotonya and Sommerville Linear Requirements
Engineering Process model.

The linear Requirement Engineering process model

was suggested by Kotonya and Sommerville [32]. The

model as depicted in Figure 1 overlaps and

encompasses repetition among activities like

requirement elicitation, requirement analysis and
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Figure 1: Kotonya and Sommerville Linear Requirements Engineering Process model

The strengths and weaknesses of this model as
reviewed in [16] of the model includes:
Strengths:

e |t can work well with small projects
e ltis the basis of other Requirement process
model.

Weaknesses:
e No support for user feedback
¢ No policy that performs risk management
e No concept of effort estimation on the basis of
requirements.
¢ No requirements pre-processing activity.

www.jmest.org

JMESTN42353126

10790


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 6 Issue 9, September - 2019

e No criterion for using application specific
requirement elicitation technique.

D. Macaulay Linear Requirements Engineering
process Model

The linear requirement engineering process
model as presented in Fig.2 was proposed by Linda
Macaulay in 1996 [33]. There are five activities
arranged sequentially in this model namely. Concept,
Problem analysis, feasibility and choice of option,
analysis and modelling and requirement
documentation [18].

Concept

%

Problem Analysis

v

Feasibility and choice of options
Analysis and modelling

v

Requirements
documentation

Fig.2: Macaulay Linear Requirements Engineering
process Model

The strength and weaknesses of Macaulay Linear
model according to [16] are:
Strength(s):
e itis good for small projects
e it provide support for analysing system’s
feasibility
e itislinear and does not overlap activities.

Weaknesses:
e No criteria for selecting application specific
requirements elicitation technique.
No support for changing requirements
No concept of requirements pre-processing
No support for risk management activity
No support for user feedback
No support for effort estimation.

E. Loucopoulos and Karakostas Iterative
Requirements Engineering process model

This iterative and cycle requirements process
model as presented in Figure 3 exhibits connections
between phases of requirements engineering such as
gathering (elicitation), requirements specification and
validation to the problem domain [15]. This iterative
model was proposed by Loucopoulos and Karakostas
in 1995 [34]

User feedback

Models to
be validated
by user

Requirements
specification

Knowledge Requirements

Elici‘fﬁﬁmSpeciﬁca‘rion

Request more Validation
knowledge results

Models Validation

Problem
Domain

Fig 3: Loucopoulos and Kanakostas Iterative
Requirements Engineering process model

The strength and weaknesses of this model as
reviewed by [16] includes:
Strength(s):

e Provides support for user feedback
e Client basically validates the prototype of a
system to be developed.

Weaknesses:

e No support for risk management in software
development.

e No support for the concept of effort estimation

e There is no support for requirements pre-
processing

¢ No criteria for using application specific
requirements elicitation technique.

. Tools Cost Benefit Analysis (TCBA) Requirement

Engineering process Model

Tools Cost and Benefit Analysis (TCBA)
Requirement Engineering Model suggested by
shams-Ul-Arif, Mr.Qadeem Khan, S.A.K Gahyyur
[18], uses survey method for elicitation when the
users are in excess and to use interview method if
the users are limited to a particular department or
office. According to [16], the model as presented
in Figure 4 will figure out Return On Investment
(ROI) prior to the start of the project i.e.
computation of costs involving in staff payments,
hard/software, maintenance, recreational, library,
networking, employee pension and health facility.
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c > Select RE Tools technologies | e Itincorporates the feature of client feedback

% e |t grants an effective risk management
: o e The major strength of this model is
H‘ Requirements Elicitation | ; g
computation of ROL.i.e resources and budget
WV estimation is done prior to the project
H‘ Requirements Analysis | initiation.
H‘ Risk Identification & Analysis | Weaknesses: . .
e No support for requirement pre-processing
\l/ e No support for using application specific
9‘ Compute ROT | requirement elicitation technique
\]/ e No concept of requirements prioritization
H‘ Requirements Documentation | G. An Effective Requirements Engineering process
model
The model proposed by [20] relates
No Apreed requirements  engineering process to 'soft\./vare
2 development process and introduces some significant
but unseen viewpoints of some requirement
Yes engineering such as business requirements, customer
SRS requirements, user requirements, constraints, security
requirements, information requirement and so on. The
Fig. 4: Tools Cost Benefit Analysis (TCBA) model as presented in Figure 5 also incorporates
Requirement Engineering process Model requirements management and planning phase to
The strength and weaknesses are as reviewed by [16] overcome issue of changing requirements [16,20].
are:
Strength(s):
Business Customer Information
Requirement Requirement Requirement
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Rzglfrémmt User Requirement
Constraints Standards
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> and Development of and
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of
Y Requirement Analysis Identification requirements
al
5
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System
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requirement evelopment phases
Fig. 5: An Effective Requirements Engineering process model
The strength(s) and weaknesses as pinpointed by [16] e It incorporates requirements management
includes: and planning phase for  software
Strength(s): developments.

e Support different viewpoints like business, e It support changing requirements.
customer, user, constraints, security and
information requirements.
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Weaknesses:
e No concept of effort estimation
e No support for requirements pre-processing
¢ No effective risk management
¢ No criteria for application specific requirement

elicitation technique.

lll. Proposed Requirement Engineering process

Based on the existing literature, the strength
and weaknesses of requirements engineering process
models reviewed are described in section 2. It can be
deduced that further work is required in the area of
requirement pre-processing, risk management,
requirement prioritization and application specific
elicitation technique. It is against this drawback that

Participatory Requirement Engineering Process model
is proposed to overcome identified major weaknesses
of existing models which are requirement pre-
processing, risk management and application specific
elicitation techniques. The proposed model (PREP)
will raise the performance. Time frame, cost and
quality of software development.

In the field of software engineering, the aim of
requirement engineering is to discover clear,
consistent, modifiable and traceable requirements that
can be implemented to produce high quality software.
The proposed model as presented in Fig 6 is design
with this in mind.
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Fig 6: Participatory Requirement Engineering Process (PREP) Model

The model consist of the following phases: Analysis of
existing system, Requirement elicitation, Requirement
analysis, Requirement specification, Requirement
validation and verification, software development
phase, requirement identification, requirement
negotiation, requirement documentation, requirement
management, system models, Risk analysis and
management, user and system requirement.

A. Requirement Elicitation

Requirement elicitation phase allow the analyst to
select the application specific elicitation technique for
the development process.
Elicitation technique can be grouped into six classes
according to [21] as follows:
e Traditional techniques; these are long-
established and well-known techniques such

as document analysis,
interviews, meetings.

e Group elicitation techniques; encourage
stakeholders to communicate requirements
more willingly. The most used techniques
include focus groups and brainstorming
sessions.

e Prototyping is one of the most used
techniques to elicit hidden requirements and
to draw some feedbacks. It is often used in
combination with other techniques.

e Contextual techniques- these involves
studying users in the context and
environments to system implementation such
as observation or conversation analysis.

questionnaires,
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e Model-driven techniques — includes a specific
model and specific type of information to
guide the elicitation process.

e Cognitive techniques- are used to attain
knowledge by means of various techniques.

According to [18], the tool selection depends upon the
type and complexity of the project to be developed. If
the project is general purpose market project then
survey is the best option and if the project is specific
for the particular organization, then interview is the
best option. Other tools can be selected according to
their pros and cons applied on the project. [21,22]
have investigated the elicitation technique selection
and state that a particular elicitation technique may be
selected for a variety of reasons:

e The technique selected is the only one the
analyst knows.

e The technique selected is the analyst's
favourite.

e The selected technique is the one prescribed
by a specific methodology that is being
followed for the system development and

e The choice of technique is governed solely by
the intuition of the analyst to be effective in
the current context.

B. Requirement Analysis phase

Elicited requirements are often incorrect,
incomplete, inconsistent and ambiguous [26]. The
requirements gathered at the elicitation stage is
analysed at the analysis phase and triangulated to
ensure that the requirement specification is free of
inconsistency, ambiguity redundancy etc. the
analysed requirements needs to be documented to
enable communication with stakeholders and future
maintenance of requirements and the system. Apart
from conflicting the raw data, prioritization of software,
software allocation and builds models are part of
software requirement analysis.

C. Requirement Specification

Requirement specification is the final blueprint for the
system realization, it consist of functional and non-
functional requirement of the system. It includes sets
of use cases that describe all the interactions that
users will have with the system/software. It also fully
describes what the software will do and how it will be
expected to perform. Parameters such as operating
speed, response time, availability, portability,
maintainability, footprint, security and speed of
recovery from adverse events are evaluation in the
Requirement specification [19].

Requirements are documented in a formal artifact
called Requirement specification (RS). Nevertheless,
it will become official only after validation. A RS can
contain both written and graphical (Models)
information if necessary [26]

D. Requirement Verification and validation

The nature of the entire requirements described in the
requirement specification needs to be agreed upon by
different particles involved.
Requirement verification ensure that requirements are
stated correctly, consistently, unambiguously, and
comprehensively in the requirement specification
document.
Requirement validation ascertains that the correct
requirements are stated. It is at this stage that it
checks and ensures that the documented
requirements and models are consistent and meet the
needs of the stakeholder. A formal technical review
team should be used it is only if the final to carry out
the validation process, the team will examine the
system specification looking for errors in draft passes
the wvalidation process that the content or
interpretation, areas where clarification is required,
Requirement specification becomes official.
[24]missing information, inconsistencies, conflicting
requirements or unrealistic requirements.
E. Requirement Identification and Requirement
management
Requirement Identification :The requirements
identification practices focuses on the assignment of a
unique identifier for each requirement [29] these
identifiers are used to refer to requirements during
product development and management.
According to [29], the requirement identification
activities consist of three sub-activities which include:
labelling, structure based identification and symbolic
identification. The basic numbering activities include
significant numbering and non-significant numbering.
Requirement management: Requirement
management manages all the activities related to the
requirements since inception, supervising as the
system is developed until it is completed and put to
use. Requirement management is a continuous
activity that can be performed during and after
development and during maintenance because
requirements may continue to change [10,25]. During
this phase, a set of activities to identify, control and
track requirements and changes to the requirements
at any time as the projects proceeds will be
performed. Each requirements will be assigned a
unique identifier. The requirements will then be placed
into one or more traceability tables and these tables
may be stored in a database that relate features,
sources, dependencies, subsystems and interfaces to
the system requirements.[10]
F. Requirement Negotiation and Requirement
Documentation
Requirement Negotiation :Every conflict with the
system should be reconciled through the process of
negotiation. Stakeholders must rank their requirement
are identified and analysed at this level.
Requirement Documentation :A document must be
prepared during and after collecting requirements,
which contains a complete description of the external
and internal behaviour of the software system.

www.jmest.org

JMESTN42353126

10794


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 6 Issue 9, September - 2019

G. System Analysis & Design

According to [27,28], this technique has been in
use since 1970s and is a functional oriented
approach. In the proposed model, the following
activities will be carried out under system analysis
and design:

e Requirement identification

e System model

e User and system requirement

H. System Model and User/System Requirements
The raw data taken can be used to design the system
model and the user/system requirements using the
following approaches

a) Flow diagrams

criteria for selecting the best technique for
a particular project is also presented.

e The proposed model presents new insight

of requirement preprocessing activity and
criteria for selecting application specific
requirement elicitation techniques.
The proposed model is iterative in nature
which can be wused in requirement
prototyping with more stakeholders
participation. The model can be used in
larger as well as complex software
development process, where requirement
changes continuously.
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